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American Naturists. Henry Cuester TRACY. 
viii+ 282 pp. $3.90. E. P. Dutton & Company, 
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about them as a poet would. Among those included 
are John James Audubon, Henry David Thoreau, 
John Burroughs, Theodore Roosevelt, Roy Chapman 
Andrews and William Beebe. 
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pany. 


The study of man combined with the study of 
nature to produce the story of man’s cultural devel- 
opment. The purpose of the book is to search for 
the motives that have shaped man’s career, and to 
eall attention to the vital factors which have influ- 
enced human behavior. 

The Making of Chemistry. Brensamin Harrow. 
viii+ 223 pp. $2.00. John Day Company. 
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in terms of the leading personalities upon whom the 
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contribution to present-day intellectual and material 
development. 
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MILLIKAN. 194 pp. $2.00. Charles Scribner’s 
Sons. 


An optimistic view of the benefits of machine civili- 
zation, as relieving mankind from physical bondage 
and giving him a new leisure which will prove to 
his advantage. Presented in the hope that it may 
assist in the spread of a better understanding of the 
purposes and attitudes of science. 


Shattering Health Superstitions. Morris Fisn 
BEIN. 245 pp. $2.00. Horace Liveright, Inc. 


An exposure of false theories and notions in the 
field of health and popular medicine, written in an 
interesting and amusing manner for the enlighten- 
ment of the general public. 
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M.D. Second Edition. 221 pp. $2.00. C. V. 
Mosby Company. 


A book on tuberculosis: its symptoms, treatment 
and various problems that arise from this disease. 
It is intended especially for tuberculosis patients, 
public health nurses and doctors—to teach each 
where his personal responsibility begins and ends. 


The Living Mind. Warner Fite. ix+317 pp. 
$3.50. The Dial Press. 





These essays on the significance of consciousness 
speak for human dignity and freedom. The author 
attempts to show that the consciousness, or soul, is 
still a part of reality, rather than a mere kind of 
behavior resulting from the nervous system. 
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311 pp. Illustrated. $5.00. Alfred 
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and industry as well. It aims to pr 
formation the intelligent layman 
every-day life. 





Organic Evolution. Richarp Sw 4) 
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Maemillan Company. 


A discussion of evolution from tl! 
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life record. A chapter on South Amer 
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new edition 
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ix+230 pp. $1.50. Norman W. Hi 
ing Company. 


A practical treatise on electrical cal 
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pp. $3.00. Richard G. Badger 
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public authentic medical informatior 


| out ignorance and gross misconcep! 


prevent duping of the public by the 
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method. Explanation of problems, pr 
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JOHANNES KEPLER, 1571-1630 


By Professor FLORIAN CAJORI 


{ANNES KEPLER was. thx 


inductive researc] 


he 


with mysticism and ere 


mn ol 


of twenty-five published 


permeated 
imagination, which took the read 
publie The poet Bvror 
able to sav of himself, after the pub 
tion of ‘‘Childe Harold,’’ ‘* 1 awok 

e morning and found mvself 
No 


by storm 


famous 

scientist, save Kepler alone, can lay 
His 

World 


was given a reception with which 


m te a similar experience. 


Mysterium cosmographicum’’ 
secret 
is 


later and truly vreat discoveries ot 


ws of planetary motion pale in com 


vison. About half a century earlier 

1543, Copernicus had given to the 
world **De 
coelestium’’ (On the revolutions of celes 
did 
of the distances 
That secret 


is to be sought in some hidden relation 


his revolutionibus orbium 


| spheres Great as this was, it 
reveal the ‘secret’ 


the planets from the sun. 


these distances to geometric figures 
Pythagorean mysticism had long ago es 
iblished a one-to one corresponds nee bi 
tween the regular solid in solid geometry 


‘h a correspondence the early Greek 


the elements of Greek chemistry 

found great satisfaction. Keple 

sa youth of twenty-three set about to 
(discover some connection between plan 
Modern 
realism ean not conceive of any causal 

relat 


ry distances and geometry. 


between planetary distances and 


nes or cireles 


such, for example, as the 


1; > . . . . 
dimensions of ladies’ skirts or the heights 


os 


‘ 


posITIONS Of the stars 


dishes 


STrolog’ 


fori? 
a iA 


Col 
ceived TO i ffs cl 
individua 

At first 


figures in a ] 


Kep 


Tris 


nometric 
to find 
he drew, successively, 
Fig. 1] 
These 


sines 


in 


Ing the des red @orl 
enord 


would 


chord 


which } 


would 


equal s 
‘ 


chords, ° ling q 


; ; . 
pentagons, ete yy maring 


smaller C1Ireie Hy i} 
| } 


shorte! 


} 
r° { . 
ol ihe 


of the eirelie enve loped by e} ords forn 


ing triangles wit] the rad ( cireles e) 
ve oped by 


he 


cular radii that 


quadrilateral exagons, ete 
hoped To Tind ratios hetween these (ll 


would equ 


An ent 
but wit] 


ot plianeti TANCES ire suTl 


mer was dev 
out 


method 


mvstical re! 


ductive 


SUCCESS 


diseove | 


ap] 


thie 


were innumerable different polygons, but 


Considering number of sides, ther 
there we1 
This 


Finally a 


six planets then known 
disturbed 


occurred to him 


e only 
disharmony Keple 
to pass from 
to three 


sions 


two dimen 
there 


In solid geom 


etry were five regu solids—no 


al 
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loANNIS: KEPPLeRi, 
Mathematica Carfarei 
nC magimem i 


\ROFNTORATENS| BIBLIOTHECT 
Col laced 








JOHANNES KEPLER 





Ver 


JOHANNES KEPLER 


4D LECTOREM, 


Schema Magnarum Coniun- 





Gionum Saturnt C7 louu ,earume 
que faltus per octena figna , atg, 
tranficus per omnes quatuer 
Zodsaci triplucstates. 


FIG. 1. SUCCESSIVE EQUAL CHORDS DRAWN IN A CIRCLI 
[REE OF THEM NEARLY COMPLETING THE CIk¢ : 


HE CONJUNCTIONS OF JUPITER AND SATURN 
E. KEPLER FOUND THE RADIUS OF THIS CIk 


*RETTY NEARLY AS THE DISTANCE OF JUPITI 


ore, no less. Five regular solids, six 
anets! Between the six planets there 
re five spaces. Why not place the five 
egular solids in these spaces? After 
any trials and much thought, he in 
between Mereury, Venus, the 
Mars, Jupiter and Saturn, 1 
y, the octahedron, icosahedron, 
dodecahedron, tetrahedron and cube so 


+ 
a 


planetary sphere, lying between 


LI 


LJ 


R F 


AND SATI 


THESE EQ 


RON 


two polyhedra, was circumscribed about 
the inner polvhedron and inscribed 

the outer polyhedron. Thus the sphere 
containing the orbit of Venus was 

eumseribed about the octahedron and in 
scribed in the icosahedron Similarly for 
the other planets Here was a compact 
succession of spheres and po vhed a, ! 
the order shown in Fig. 2. The inne? 


most figure was the sphere containing 
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[asvia IT on sivMPLANETAR VM DIMENSIONES, ET DISTANTIAS PER QVINQV! 
REGVLARIA CORPORA GEOMETRICA EXHIBENS 

ILLVSTRISSS PRINCIP] AC DNO. DNO,ERIDERICO. DVCI WIR 

TENBFRGICO_,ET 


TECCIO4 COMITI MONTIS BELGARWM, EIU. CONSECRATA 


Kemcea: mraw pu Specreron, elymp: 
ate r* =m Tare Fgura nb; 
« = ferum * alla ant 
mg Pian + My pov gg 4 
Orfer, Bove de Corpora quem git 5 
- a dogent 
Qaam bene connemat got Jigme Gree, 
. « wrees ohm 
Tiadde Autorn Manc “ » 
an! “fiby mont Frat opm 
Scaheee ox Shut fgnte se ma. 
> mere velar. 


Tt 
u 
< Aber TECCIACO nen une 








FIG. 2 


KEPLER’S COMBINATION OF SPHERES AND REGULAR SO 
SPHERES BEING GIVEN SUITABLE 


THE THICKNESS. 
DISTANCES. (FOR 


THIS COMBINATION REVEALED 


SECRET OF PLANETARY THIS AND THE OTHER FIGURES 


IN 
ALL TAKEN FROM THE ORIGINAL EDITIONS OF KEPLER, I AM INDEBTED TO 
FESSOR HERBERT M. EVANS, OF 


THE COl 
rHE UNIVERSITY OF CALIFORNIA. HE 


SUPPLIED ALS‘ 
OF KEPLER. ) 
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Mereury ; the outermost was 


containing the orbit of Saturn 
imseribing a cube. Exercisi 


} 


ematical genus, Kepler con 
radii of these spheres Are 
to each other as th p 
The hoped for relatior 
Another great disapyx 
had all facts 
to consideration ? No 
cus and the Greeks had kno 
anetary orbit is not one simp! 
Like the Greeks, Copernicus ol 
eloser approximation to the 
facts by the aid of other cireles 


. " ] ?? \ . ‘ } ] + | 
epieyveles. For eacn plane he 


structed a fairly complicated systen 
them. Thus he required four ep 
‘les for the moon, three for the eart] 
el ror Mercury and five each for 
Venus, Mars, Jupiter and Saturn. Like 
( (reeks. he resorted to the use o 
tries, so that the center of the orbit 


e Earth and that of the orbit of 


turn, for instance, did not coincide. «whey +h, 


~ 


Milton’s famous deseription' ol ires 1,000 


parts 

Book 

's Copernicus fully as well as Ptolemy. The a: 
lo allow room for the deviations of somewhat 
hetary motions from a path abso 
restricted to one circle and th on: 
is its center, Kepler took his plane numbers e 


spheres to possess thickness. Th and Vi nus 
ober of a rubber ball serves as an Karth 


ind 
there is an outer and an inne! 
erical surface to the ball. This thick- 
SS Was carefully computed so as to 
W ‘ | 


apart; 01 
strongly, 
no on 

sphere just enough play room tances 
elie and eccentric planetary 


not O77 


se Lost,’’ Bk. VITT, lines, 82-5. 
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TABELL A IIIl OSTENDENS VERAM 


AcMmPLITVYDINEM O , COELES 


inter ftitiorum » ecu idwn nu meros C> jentcntiam 


Cop. rnict. 


Extremes (irculas acu 
Mands vel Orbu magni, vel etiam ¢ 
4d cum infenibile est 
A Saturm (ylema, co 7, 
B Syfema lomw. c Ma 
D CHriates fae 04 (emits Cabs terres 
fbaruls Lunariduoius locu appita. Due cace 
emyerta Lama (7 afitiem denet an 
& Due coils delomeantes crafitiem (yfomat 
Om ne (rt Mel wam TaTict & P< ter 
param mmtcr dues crreles.m queomn 
tat perfcstur. 
3 Centrum emniam , Co prope ip(uin corpus Solare 
Crrculas per 0 & 0 tranfiens (cuss b 


éemerepy. yi las Saturne off 


tantum due at ims cemparent €- 
peas Op aqua aft mmm ; soe mire fia planeta cicea~ 
FIG. 3. A SECTION OF KEPLER’S MODIFIED COMBINATION 
AND REGULAR SOLIDS 
THE THICKNESS OF TI SPHERES PURPORTS HERE TO BE DRAW) 


THE SPHERE CONTAINING HE ORBIT OF SATURN IS MARKED A, 
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THE ELLIP'’ 


tahedron.”’ This 707 is closer than 
to the required 723. 

The youthful Kepler had not vet come 
‘ontact with an accurate observer, 
Tycho Brahe, and had not vet 

| the need of closer agreement 


twee! theoretical and observationa 


les Kepler was satisfied. To him 


hedra and sphere system was not 
laney, a dream of a phantastic 
tion. To him it was the diseoy 
real world secret, a muystcorium 
aphie wn. =a hbelieve,”’ Savs 


“that it is through a dispensa 


rovidence that I ascertained by 
what previously I could not 

any amount of labor; I believ 

more, because I always prayed 
that He might let me succeed in 
. To deseribe in words the 


n derived from my) discover 
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FIG. 5 \ SECTION OF KEPLER’S MODI 
FIED COMBINATION OF SPHERES 
AND REGULAR POLYHEDRA 
AS IT APPEARS IN THE ‘‘ HARMONICES MUNDI,’’ 
1619. Iv SHOWS THAT IN 1619 KEPLER WAS AS 

LIEVER AS HE HAD BEEN IN 1596 THAT 


MBINATION REVEA D THE WORLD SECRET. 


self higher standards of agreement be 
tween hypothesis and fact. The idea at 
all times was to find geometrical rela- 
tions agreeing with observed numerical! 


} 
e 


values 

The circles of the Greeks 
nicus no longer afforded 
agreement At the first 

ler thought that he could 
question in eight days, a 

bet to that effect But 
became several vears. John St 
in his ** Inductive Logie’ sp 
various hypothetical orbits 
Kepler and then rejeet 


tions wer is torelen 


ever The mvstica 


dominant The entire 
given to the trial of vai 
orbits for Mars, no less 
ferent assumptions being 
lengthy computation. On 
1604, he wrote to his 

the eorrect orbit 
eirele and the oval, ‘‘as 
Mars were a pertect ellipse, 
had not yet investigated 
At Easter in 1605 a chubby 

iter buccosum was found u 
torv. Somewhat later, a 
ine effort. the truth 
before him The orbit 
was diverted most by 
that although | cogitat 
almost to the point of dist! 
not ascertain why the 
according to the eviden 
tions, prefer the ellipti 
foolish me!”’ By 
beeame satisfied th: 
the only possibl orbit 
Mars. In Fig. + behold 
chariot heading the drawing 
orbit! 

Some one has ealled att 
ler’s good fortune 
Brahe’s observations, 
ficiently accurate to rend 
the old hy pothesis of epleyeles 
tries and vet were not accul 
to reveal the fact that the act 
2 Kepler, ‘* Astronor 
apter oS. 
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modern 
d Kepler's gre: 
“s ‘** Astronomia 
ok of 1609, cont 
planetary 
th 
is vector 
o the planet swee] 
equal times. T] 
tively ittle effort 
from his com] 
Tie 
revolution tL al two ] 
e sun ar ach other as 
the mean distances from tli 
s discovered much later, in 1615 
s published in his ** Harmonices 
Harmony of the World), 1619 
regarded this work as the fullet 
pment of his first publication, the 
Secret.’ Fig. 5, showins 


} 


the polyhedra and sphere 


} 


nd taken from the wor 

tes that the belief in that expla 
as firm as in 1596 Th 
the *‘Harmony ot 


‘ first two ¢| 


’ 
and then a1 


tionships between 


and Times ot revolution 
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HYSIOGRAPHIC CONTRASTS, EAST AND 
WEST 


By Professor Emeritus W. M. DAVIS 


Hecome 


us nature 
ilosop! 
eSS and usually 


the breath of 


er Involuntary 
interruptedly from 


example Wi 


S continue d ul 
Is a Food 


ware Oo iW 


more a 


n when asleep; vet inasmuce 

living organisms, plant as well 

ma thereby vain the energy needed 
? 


r our life work, it is rea 
the universality of this 
ly wonderful process the ¢ 


ce that free atmospheric oxygen 
he use ol 


ivs been available for th 
ngs ever since life began on tf!) 


t isa large lesson to draw from 


text 
The observanee of a lunar 


] 
lime sched 
} 1] 


by seaweeds that 11Vé 


on S 


ky shore is a simple r ecommol i) ie 


ey le down twice a lunar day, when 


withdrawal of the sea water leave 
t low tide. but 
it hig] 


em unsupported a floa 
iwain when the water returns ; 
t all analogous to t 


This is not a 


| 
= , 
i prial 


bit adopted by most lan 


ng up all the t 

animals of lying 
the nocturnal 
Sa consequence 
ns under whiel 


evolved: for 


smue S 


row bu vs 


medium in which they 
sufficiently \ e 
e not developed stifi 
their weight whe 
ey lie down 
perb phenomena of sunrise and 


ite to too many of us because of 
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consequence of which the Eastern rivers 
carry to the Atlantic in the most normal 
fashion all the land waste that is deliv 
ered to them from their drainage areas 
by rill wash and soil creep, in a perse- 
vering effort everywhere to degrade the 
land surface. On the other hand, the 
characteristic of our Western valleys is 
their prevailing discontinuity, in conse- 
quence of which the Western rivers re 
peatedly fail to carry out the expecta 
tions with which their enterprising head 
waters set to work; for a great part of 
the land waste there received from the 
highland slopes, the normal goal of which 
should be the Pacific, is laid down on val- 
levless open ground before reaching the 
ocean. These contrasted characteristics 


deserve to be set forth in some detail. 


VALLEYS OF THE APPALACHIANS 


Let us imagine ourselves standing on 
the crest of the Blue Ridge, the main di- 
vide of the Appalachian highlands in 
Virginia or North Carolina, whence so 
many valleys lead by direet courses to 
the Atlantie shore or along more round- 
about courses by way of the Mississippi 
to the Gulf of Mexico. All these valleys 
are everywhere sunk, along the entire 
hundred- or thousand-mile lengths of 
their rivers, below the general upland 
levels of the region that they drain. 
Their ramifications are often most intri- 
cate and labyrinthine; vet all the valleys 
have, except close to their mouths in the 
lowest-lying coastal plain, well-defined 
side-slopes leading down from the adja- 
cent uplands to the stream lines; they 
are all, moreover, genuine valleys ot eTo- 
sion in the sense of being linear depres- 
sions, excavated under the leadership of 
their streams; they are all systematically 
arranged, twig joining branch and 
branch joining trunk on the way to the 
sea, and they all possess a eontinuous 
down-stream slope from head to mouth. 
A resident in this region might well gain 
the belief that valleys are an invariable 
accompaniment of rivers. Here if any- 
where in the world may application be 


found for 
eralization 
Everv 1 
trunk, fed 
running 
and 
Vailles, 


aving 


The fine phrasing 
ment goes weil wit] 
mindedness. And y 
erosional processes 
elven recognition in ft 
nineteenth century that 
server as Charles Darwi 
years atter Playi i] 
view that river 
carved by mari 


rose from beneat} 


THe Mosiniry or W: 


It iS not alone to the eff 


and rivers in the ear ng 


face that the long Apnpal 


testify: the ar witness 

matter of great rrest 

namely, to the marvelous 

water by 

is SO lara ly 

to the Appalae 

its last up| eaval, W 

he earth’s erust 

Mississipp 

are extreme! 

wholly because of the 

water that the Appa ac 

been able to eut di 

cept near the 

slopes still. 

A thousand-mile profile « 
seale aeross the Appalae 
not to show the altitudes o 
tains and ridges but to meas 
arching last experienced by 


} 


have almost impereeptible de 


1 §* Tilustrations of The 


2, Edinburg 
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pids are still con 

led headwaters 

s only by way « 

close adjustment of strear 


‘ 


to stream duty has not 


7 
hee} 


along the middle and 
ses. The exceptions are r: 
small, as at Muscle Shoals 


essee where that river flows from 
of its own name into Alabama subconth 
falls of the Ohio on a reef of r ormation 


limestone at Louisville, Ker rogenic 


at the riffles of the Susquehanna dk 


formati 


resistant sandstone above Har regular nat 


Pennsylvania, and, greatest of genie o 


- 
falls of the Potomac next above 
eton, where a recent uplift has 


t river again at work to degrade 


se on resistant crystalline rocks 
rule of smooth eradients alone 
urses also has loeal exceptions 


another kind in the eavernous 


stone district of central Kentucky, rivers. 


branch valleys are frequently left floors to 

ng’’ over the deeper main val- continue t 

ause the branch streams have radation of the region by earr 

d their surface channels and the detritus that is weathered on t] 


inderground passages ley-side slopes and delive red 
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to-day for the first 
ng degradational! 
east Two Tl 


its 


having been interrupted after 
a broad up-arching 
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This 


rather 


because tT! present 
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Juniata in central Pennsylvania, of the members of thi 
Potomae and Shenandoah in Old Vir- who thirty-five 

ginia and of the Tennessee and the contour maps. 

French Broad in the eastern part of which they had 

their state. where the threefold compo modified parts ol 
sition of the landseape, developed on the he southern Appalacl 
steeply inclined strata of the deformed from this it appears cl 
Appalachian belt, is clearly recognizable, the earliest surface w 

as simplified and summarized in Fig. 1 to an unwrinkled highla 
The high but even skvlines of the many — slopes to the Atlantic co 
hard-rock ridges, all of fairly accordant Mississippi River, when the 
altitude though of very different struc-  dational try was succeede 
ture. retain traees of the broad lowland, ond; and that a movement 
shown in an uplifted position on the ture but of less amount 
right of the figure. to which the whole recent date determined 
region was, long after its great deforma the second trv to the third 


tion, reduced in a nearly complete evele Additional minor movem: 


of erosion, as the time period of that ex place but they do not sig 


ceptionally suecessful try may be ealled. this summary and ean 1 


} 


The lower, inter-ridge areas, worn down here. To far-reaching 
on weaker rocks and shaded with dotted this kind has a critieal st 
lines in the middle background, preserve ordered Appalacl lan Va 
good-sized remains of a second lowland, ~-. 
to which the first was, after its broad up- fue ATLANTIC Coasta 
heaval., reduced during the second evele It was In intimate assoc 
of erosion, except along its hard-rock equable epirogenic upheava 
belts. The present, well opened valley palachian highlands, ane 
floors. exeavated in the foreground similar nature but of earlier 
beneath the full-lined, inter-ridge up- 4 belt of smoothly laid, 
lands. exhibit the work of the third ments was added to our 
cycle, introduced by a moderate up-  nental border, constituting 
heaval which interrupted the continua- and Gulf coastal plain, 
tion of the second cycle and which is as Where sloped gently to tl 
yet not very far advanced in its total ‘Shoreline. It is notewort! 
work. plain, which now narrows 
It is by taking the levels of the now and ends at New York H 
ally extended much farth« 


probably to Nova Seotia 


high-standing, hard-rock ridge erests, 
which survive with small modification 


from the broad lowland produced in the that after it had gained t 
tension and had _ suffered 


long uninterrupted first cycle of degra- 
dation, and of the broad valley floors valley erosion by the man) 
were prolonged across it fro1 
backland, the northeast part 


that were worn down on the weaker 
strata during the shorter second evele, 
that warrant is found for the statements ¢Xperienced an increasing s 
It retained full width in Sout 
but it was somewhat narrow: 


made above as to the smoothness of the 
broad up-archings suffered by the Appa- 
lachian region. This has been best done 
by Hayes and Campbell,* experienced chief valleys are submerge: 
‘C. W. Hayes and M. R. Campbell, ‘‘Geo- ™atle and Pamlico sounds; 
morphology of the Southern Appalachians,’? narrowed in tide-water Virg 
Nat. Geogr. Mag., 6: 63-126, 1895. its chief vallevs are emba) 


Carolina, where the lower | 
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«hole breadth, and it was tapered off 
a point in New Jersey. Farther on, 
nly insular remnants of it are seen, 
ve or less moraine-crowned, in Long 
Island, Block Island, Marthas Vineyard 
Nantucket. Farther on still, the 

wn overlaps on the backland from 
ne Cod to Nova Scotia; but features 
the coastal plain are believed to be 
lieated by soundings in the Gulf of 


ne 


If we exclude the local up-swellings, 


wn as ‘‘salt domes,’’ in the coastal 
iin of Texas, it may be said that the 
whole length and breadth of the Atlantic 
i Gulf coastal plain has emerged with 

n unwrinkled seaward slope, so gentle 
s to be unrecognizable by the unaided 
Hence the equability of upheaval 

ady found for the Appalachian high- 
ind belt persists in the added area of 
ts maritime border. The continuity of 
ley erosion persists also, for all the 
rivers that flow from the backland high- 
nds and uplands across the foreland 
istal plain have there eroded exten- 
ions of the valleys that they had pre- 
isly excavated in the older backland, 
xcept that, in the lowest part of the 
southern plain near the sea, the valleys 
so little incised as to be hardly per- 
ptible; at times of heavy rain the flood 
f one river may there escape from its 
valley and stray across the low plain to 
hat of a neighboring, less flooded river. 
lt appears, therefore, that the addition 
the coastal plain around the seaward 
margin of the Appalachian highland has 
resulted, except in New England where 
the plain has been resubmerged and the 
rivers have been betrunked, in a duplex 
vit of valley development. For so 
ong as the rivers are flowing in the more 
‘levated highlands of older and harder 
ss their valleys are deeper and nar- 
rower, but where the same rivers cross 
‘he coastal plain of younger and weaker 
‘trata their valleys are shallower and 


*D. W.. Johnson, ‘‘The 


New England- 
Acadian Shoreline, ’’ p. 295. 


New York, 1925. 
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broader. 
however, 


This duplex development is, 
ortho- 


altogether normal and 


dox, for what can be more proper than 
for a extend its length 


an earlier-established 


river to 
continent 
addition to 

the 
floor! 


no derogatory 


across a new 


caused by 


emergence 


The re 


joining sea 
aracterizing s 


plicity. 


astern part ol 


i 
not always behaved in the equab! 


her 


} 
) Ata 
Mnaicatea, 


above 
primeval times, the eat 
suffered tremendously 

best 
crystalline rocks of the Lat 
lands of 


tions, shown now 


eastern Canada. 

still ancient geological times, a 

broad belt of heavy stratified forma 
bordering the Atlantic was at more 

one date laterally compressed into gigan 
tie folds and 
thrusts, as if by the direct 


into vast over 


shoved 
and primary 
application of a northwestward compres- 
sional force to their previously horizontal 
structure. It was then that the 

east-southwest trends of the def 
Appalachian strata were developed. Ih 
a medieval period, certain narrower At 
lantie slope zones were down-warped o1 
down-broken into 
heavy sediments were laid down in asso 
ciation with repeated lava intrusions and 
outpourings; and then the sediments and 
the lava sheets broken 
blocks and the 
tilted by disorderly movements of their 
foundation. 
the heavy cover of sediments and lavas 
had to adjust themselves to secondary 


nort 


rmed 


troughs, in which 


were into long 


blocks were diversels 


In this case it seems as if 


dislocational forces which arose from a 
deforming application of primary forces 
to deeper-seated masses. 
of each one of all these disturbances, the 
rivers of their times presumably eroded 
valleys in the uplifted areas and de- 


In consequence 
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posited detritus in the depressed areas. 
Some Appalachian rivers then at work 
may, after an active youth of heaved- 
highland trenching and sag-basin filling, 
have combined their discontinuous val- 
leys in deeper-cut and maturely inte- 
grated valley-systems of a considerable 
extension; but they could not have pos- 
sessed through all their life history and 
through their entire length the five hun- 
dred- or one thousand-mile continuity of 
erosional excavation which characterizes 
the present valleys. Not until the oro- 
genie crustal movements of earlier times 
had been tamed down to modern epiro- 
genie equability could valleys like those 
of to-day be eroded; not until then did a 
steady-going, oceanward transportation 
of land-waste by our rivers become pos- 
sible, nowhere defeated even temporarily 
by deposition in down-sagging depres- 
sions. 

The Appalachian region is therefore 
to-day one of those terrestrial areas in 
which valleys of continuous erosion are a 
leading characteristic. Observers whose 
home is there and who have not traveled 
elsewhere might, as already intimated, 
believe themselves justified in concluding 
that all rivers follow valleys of erosion 
all along their length, as theirs do; but 
the belief would prove faulty as we shall 
now see. 


THE NORTHEASTERN LACUSTRINE REGION 


The generalization that all our Atlan- 
tic rivers have a continuous and steady 
flow along graded valley floors of con- 
tinuous fall is manifestly inapplicable to 
a great area of northeastern America, 
where the rivers are repeatedly hurried 
in ungraded rapids or ecaseades or halted 
in quiescent lakes. The trunk river of 
the St. Lawrence system is the most 
famous example of this kind, for it has 
rapids at the outlet of Lake Superior 
and a high cataract between Lakes Erie 
and Ontario, and a large fraction of its 
total length is expanded in great, still- 
standing water bodies. All the rivers of 
the Laurentian highland partake of this 


cascading acceleration and lacy 
tardation, although their falls ar 
high enough to be renowned 
lakes do not often occupy 
fraction of their length. T 
these imperfections of valley 
ment is not to be found (unless 1 
in the exceptionally deep basi: 
Superior) in an irregular de! 
the earth’s crust at so recent 
the rivers have not been 
quently to develop regulariz 
for the geological history of t 
eastern region shows that it has | 
escent for a much longer period t 
Appalachian belt has been. H 
rivers there ought to have valleys 
developed as those of the rivers 
south; and so they probably 
their region came to be in |! 

time severely glaciated. Slow 
ice-sheets of Canadian orig 
scoured the land surface over w! 
spread, and dragged away so m 
the scourings that, after the last 
had disappeared, the well-order 
glacial valleys were all disord 
region was left with many s 
hollows or basins, small and lar 
with many irregular deposits 
detritus. Hence when the | 
melted away and rivers ag 
session of the surface, they re] 
had to adopt new lines of fi 
which new valleys were to be de 
and the small progress that they 
yet made in this task proves t! 
appearance of the last ice-s! 
relatively recent date, as river 
time. Thus briefly must we 

of a great American problem 


THe GREAT PLAINS 
Now let us leave easter? 
America and travel westward : 
central treeless belt of the Gr 
We shall there again find that t! 
valleys exhibit a thousand-n 
tinuity of laterally enclosed ex 
below broad uplands on either s 
suggesting that the eastward slant 
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ns is due to a broad and equable up- 
val, much like that of the Appalach- 
n belt. But it should be noted that, 
eastern Colorado and western Kansas, 
inter-valley uplands were built up, 
fore the present valleys were eroded 
ross them, by the deposition of de- 
tritus that was river-swept from the 
Rocky Mountains and spread out at half- 
way stations, instead of being properly 
ried all the way to the Mississippi and 
» Gulf. The fluviatile deposits do not, 
owever, imply a sagging of the plains 
rea so much as a slight change in the ré- 
gime of the long rivers, for in a masterly 
eount of these plains by W. D. John- 
son® he makes it probable that their ag- 
gradation was due simply to a climatic 
variation of rainfall rather than to any 
movement, epirogenic or orogenic, of the 
irth’s erust thereabouts. 


INTERMONT BasIN PLAINS OF THE 
CORDILLERAN REGION 

If we next enter the mountainous area 
of the western third of our country, a 
new order of things is encountered. 
Intermont troughs and basins, filled up 
to nearly level surfaces with detritus 
washed down from valleys in the enclos- 
ing mountain ranges, are here of fre- 
juent occurrence. They may measure 
from ten to fifty miles across and the 
larger ones have lengths of a hundred 
miles or more. They are true areas of 
sagging, in contrast to the mountains 
which are as truly areas of upheaval; 
that is, the recent renewal of crustal def- 
mation in this great region has been 
lominantly of an irregular or orogenic 
nature, even if superposed, as is likely 
enough, upon broader movements of an 
epirogeni¢ nature. 

. It should be understood, however, that 
the recent range- and basin-making def- 
rmations are of moderate measure 
compared to the much greater deforma- 


+ 


tion that the Rocky Mountain region had 
SW. D. Johnson, ‘‘The High Plains and 
‘weir Utilization,’? 21 Ann. Rept. U. S. Geol. 
“urv., 1901, Pt. 4, 601-741. 


previously suff 
tainous To} 
result 


] ; 


earner daetormatiol 


first 


reduced by advanced degradat 
] 


the later and more moderate det 
took 
mountain belts 


place and produced th 
Excellet 
tions of these general truths 


Forks F 


, , 
Geolog 


found in the ‘‘Three 
tana,’’ of the U. S 
by a. @ 


tration of both the earli 


Peale, which giv 


ormations, as wel 

of the long-continued ero 

lowed the earlier deformation and of the 

lesser effects of erosion on the heaves and 

of deposition in the sags associated with 

the later dk 
This irregular style of mountain-and- 


basin-making deformation has 


formation 


recently 
prevailed all across the Cordilleran 
region, from the Rocky Mountain front 
to the Pacific coast, but most of the lava- 
covered region of the northwest must be 
excepted from this too-sweeping state- 
ment, as will be further told in a later 


‘ 


paragraph. In consequence of its ir- 


regular orogenic deformation, the val- 
leys of this vast area are prevailingly 
and strikingly discontinuous, much more 
so, indeed, than the rivers, for in the 
depressed troughs and basins, which are 
to be the 


have been obliged to 


counted by score, the rivers 
act as depositing 
instead of as eroding 
therefore built up detrital plains, and 
while the plains are in process of forma 
tion, absent from them 


True, valleys are eroded in abundance in 


agents and have 


valleys are 
various upheaved mountain ranges by 
the upper courses of the rivers, and it is 
from these rock-cut valleys that the 
detritus been derived for the in- 
fillings of the intermont depressions with 
plains of aggradation; and although the 
rivers orthodox 
across the plains while aggradation is in 
progress, the valleys have not. The val 
leys end at the base of the enclosing 


has 


have an continuity 
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mountains, and the rivers run forward _ second are lakes of waste-free wat 
on the gentle slope of the intermont both there must be a fan-like slope ; 
plains not in valleys but only in chan- surface away from every strean 
nels. This is an important lesson which of inflow; but in water-lakes the 
the Easterner, accustomed toan orthodox slope is imperceptible, while in 
continuity of valleys and rivers, must lakes it is visible. The forward s] 
learn if he is to understand the heterodox each water-fan in a water-lake 1 
physiography of the West. It is the les- just sufficient to cause the water 1 
son taught by rivers that flow from well- away from the stream mouth as fast 
enclosed valleys, deep cut in mountain it is delivered there; the forward s 


slopes, out upon channeled plains: it is of a waste-fan in a waste-lake must 
a } 


the lesson of mountain-valley and plain- the gradient needed by the fan-b 
channel rivers. stream for the transportation 
. , , detritus. 
Bastn PLAINS AND ALLUVIAL FANS The 


shallow stream channe! 
The basin plains of the Cordilleran re- follows down one radius or ai 
gion are peculiar in that they do not lie a detrital fan on an intermont 
between neighboring mountain ranges in plain is usually subdivided by 
intermont fashion, but are completely smaller or larger lozenge-shaped 
surrounded by mountains so that they and sand shoals or islets in a 
deserve to be ealled intramont. They cated, interlacing or braided fash 
are by no means perfectly level because, varying pattern with every flood. 
in their most typical form, they consist braided fan-channel is, moreover 
of as many low-grade, laterally confluent, quently shifted, especially at 
detrital cones or ‘‘fans’’ as there are flood, from one radius of the fan 
valleys opening from the mountains up-building has been going on 
which surround them. Each fanspreads_ while, to another radius where up 
forward in a faintly concave slope from ing is less advanced: thus every | 
its apex in a valley mouth, and all join’ the fan comes to be about eq 
in a plain over the central area, asshown graded. The coarser detritus, 
diagrammatically in Fig. 2. A sugges- swept from the mountains and s 
tive analogy may be drawn between of large-boulder texture, is most]; 
waste-filled basins of this kind and _ posited on the slightly steeper slo) 
water-filled basins or lakes. The first the fan-apex near the mountain | 
may be called lakes of waste; the second the finer detritus is washed forv 
are lakes of water; or better said, the the mid-basin plain, where the 
first are lakes of water-logged waste, the hardly perceptible. Fans of fr 





ii aS See Ss ee 





FIG. 2. AN AGGRADED INTRAMONT BASIN 
COMPOSED OF MANY LATERALLY CONFLUENT ALLUVIAL FANS AND DRAINED BY AN OUTFLOWIN' 
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five miles radius, a thousand feet 
cher at the apex next to the mountains 
than on the mid-plain, are not uncom- 
mon. Small streams, especially where 
ey descend from high mountains, may 

ild relatively steep-slanting fans, with 

nical slopes of 5° or 10°; their forward 

wh of half a mile or so is overlapped 
n either side by larger fans of longer 
wh and lower declivity, and these all 
end indistinguishably in the mid-basin 
iain. 

A good-sized river forms a fan of low- 
est gradient, and when such a river shifts 
its course laterally, it may undercut the 
shorter and steeper fans of neighboring 
smaller streams, which thereupon trench 
true little valleys in the fans that they 

ud previously been building. Con- 
versely, when the larger river swings 
way again, the small streams retaliate 
for the snubbing of their fans by refill- 
ing the little valleys and building new 
fans out as far as possible on the aban- 
loned sector of the large-river fan. 
These peculiar forms are described in 
some detail because, while they occur by 

thousand, small and large, in the 
Cordilleran region, they are hardly 
known at all in normally eroded regions 
f epirogenie equability. They may, to 

sure, be faintly developed in such 
regions where a tributary stream runs 
out on the flood plain of a trunk river, 
but such a fan is usually so inconspic- 
uous as to be hardly noticeable. The 
best fans that I have seen in the eastern 
United States are in the White Moun- 
tains, where, in consequence of the over- 
deepening of certain main valleys by the 
special process of glacial erosion in the 
recently past Glacial period, detritus is 
deposited on the deepened valley floors 
in the form of fans by the outwash of 
hanging lateral valleys. 


River OUTLETS OF INTRAMONT BaAsINs 


In the Rocky Mountains proper—that 
8s, In the eastern part of the broad Cor- 
dilleran belt—where the rainfall, al- 
‘hough not heavy, is more plentiful than 
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in the arid Southwest. the intramont 


basins are all drained outward on one 
otches in 


side or another through deep 1 


the enclosing mountains. In such eases, 
all the centripetally inflowing 


unite on the basin floor in a trunk river. 


streams 


which then, as in Fig. 2, flows centrifu 
gally outward through a notch or gorg 
‘vate of the n 
is sometimes called. In 
the 


being 


of escape, or ountains, ”’ 
as it 
tion of 
that, the mountains 
raised around a non-raised 
a lake gathered in the basin and rose un- 
til it the 
mountain rim; there the lake 
overflowed and the 
down its notch deeper and deeper until 


explal 
old idea Was 


suddenly 


such notches 


basin area, 


reached lowest pass in the 
waters 
outflowing river cut 
the lake was drained away and the lake 
bottom sediments 
basin plain. The 
when it came to be believed that moun 


were revealed as a 


newer idea, adopted 


tain ranges rise slowly instead of rapidly, 


is that, even while a basin-making def 


; 


ormation is in progress, a pre-existen 
river, perhaps more or less shifted to a 
new course by the slow writhing and ris 
drainage area, 


notch or 


ing of its persistent] 


cuts down a gorge of outflow 
across a mountain-heave, while it as per- 
sistently fills up a sagging basin next up 
stream with detritus supplied by valley- 
eroding headwaters in the surrounding 
At times of slightly faster 
shallow 


mountains 
deformation a 
spread more or 
basin-plain ; 
level, fine-grained, 
will accumulate on the previously river 
laid deposits; but at times of 
deformation, the lake 
filled with detritus, and coarser, 
ularly bedded. 
accumulate in detrital fans, all sloping 
to the notch of trunk-river outflow. 
Later on, when deformation becomes 


} 
lake over- 


the 


a time 


may 
less of aggrading 
and then for nearly 
lake-laid sediments 
slower 
shallow will be 
irreg 


stream-laid deposits will 


very slow or ceases altogether, the con- 
tinued deepening of the notch of outflow 
by the escaping trunk river may cause 
it to cut a valley in the basin plain and 
also cause all the centripetal tributary 
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streams to trench their fans along what- 
ever fan radius they happened to be 


flowing when the entrenchment began. 


In such eases, which now prevail in the 
Rocky Mountains, the relatively deep, 
steep-sided, rock-bound valleys of the 


headwater streams in the basin-enclosing 
mountains will be continued by shallower 
and broader gravel-bound valleys in the 
basin plain, and the plain will no longer 
be valleyless. In other words, the val- 
leys will have gained a duplex develop- 
ment, somewhat like that of the Appa- 
lachian valleys where they are continued 
from the hard-rock highlands to the 
weaker strata of the coastal plain; but 
while the duplex habit of the Appalach- 
ian valleys is of orthodox sequence, al- 
ways hard-rock, up-stream 
features followed by weak-rock, down- 
stream features, the habit of the Rocky 
Mountain valleys is not simply duplex 
but complex and disorderly, for there, 
after the streams leave the deep upper, 
hard-rock valleys and flow along the 
open, shallow, weak-gravel valleys in the 
basin floor, they characteristically return 
to hard-rock narrows, deep-cut through 
the mountain range at the basin outlet. 
They may, indeed, exhibit a multiplex 
succession of such alternations, as they 
pass from one basin through a range- 
gorge to another basin, and so on; but 
they may finally, after escaping from the 
mountains, continue in valleys of mod- 
erate depth through strata of inter- 
mediate age in their long course across 
the Great Plains. This is to-day the 
case with the upper branches of the Mis- 
souri, which drain several intermont 
basins in the Rocky Mountains of Mon- 
tana. Hence there, while the valleys 
have gained a multiplex continuity equal 
to that of their rivers, they fail to show 
the simple orthodox duplicity of the Ap- 
palachian rivers. 


possessing 


ANTECEDENT RIVERS 
Persistent, basin-draining rivers of the 
kind above described have been called 
antecedent, because their origin was 
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antecedent to that of the locally , 
ranges which they trench. Alt} 
cross-range valleys of such trunk 
are by no means sO common 
shorter, range-side valleys of m 
formed headwater streams, the 
the shorter valleys, highly charact 
of the orogenic diversity of West 
ormation, in contrast to the 
equability of the broad Eastern 
If the East had 
rivers, it must been at 
long ago, when it 
deformed, like the West of to 
Powell, famous one-armed ex 
the Colorado Canyon and subs 
able director of the U. S. Geolog 
vey, is generally credited wit! 
been the originator of the 
rivers may have persisted 
courses against unfavorable defor 
His type example was Green R 
main upper tributary of the ( 
in its deep canyon through th 
Uinta Range of southeastern Uta 
although he gave a vivid acc 
and proposed the catching n 
eedent, for rivers of its kind, 


ever any 
have 


also was ir 


y 


example is now regarded as not « 
cedent but of superposed or 
deep canyon. The Columbia 
its gorge through the Cascade 

of Oregon and Washington 

be to-day our best example ol 
antecedent river. Let it be r 
that no antecedent rivers are 
the East 
heavals there 
enough to provoke their dev: 


because recent cr 


have not be 


] 


DISSECTED PLAINS IN INTRAM 

Although Green River can no 
be accepted as the type of an a1 
river, as Powell held it to | 
excellent example of a river that 
structing mountain mass 
Range—and at the same time 

7J. W. Powell, ‘‘ Explorations « 
rado River of the West,’’ p. 163, 
1875. 


W 
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detrital deposits of a large, down- 
intramont basin up 

rth) from its canyon, for so the basin 
and pictured in 

Powell’s report. Another example of 
same erosional procedure is found in 
Bighorn Basin of Wyoming, an ag- 
led intramont depression measuring 
- from twenty to thirty-five miles, 
Bighorn River and its upper 
after issuing from the hard- 

k valleys of their mountainous head- 
ers, follow shallow and open valleys 


stream 


described 


ng 1s 


ated in the weak deposits of a for- 
rly smooth basin plain before their 
ed waters enter the impassably nar- 
escape in the Bighorn 

Range on their eastward to the 
Missouri-Mississippi system.® Hence, in 
se two cases, the Green and the Big- 


rorge ol 


way 


rm rivers have passed the preliminary, 
terodox stage of mountain-valley and 
ain-channel existence and have entered 
ll upon the more mature and orthodox 
tage of continuous but multiplex valley 


velopment. 


NON-DISSECTED Bastin PLAINS 
On the other hand, there are still sev- 
ral intramont basin plains in the Rocky 
untains which have not yet been dis- 
ted by their streams. The broad and 
idow-like detrital plain which 
es the high-standing South Park 
asin In the mountains of Colorado—al- 
st uninhabitable because of its severe 
nter climate—is traversed contentedly 
igh at its own level by a head branch 
South Platte River, which there seems 
be quite unconscious of the great 
pth to which it will trench the plain 
en the outlet gorge through the hard- 
< mountains comes to be more deeply 
ised than now. Similarly, the high- 
tanding and smoothly aggraded basin 
plain known as San Luis ‘‘Valley’’ in 
wuthernmost Colorado possesses a sur- 


OC- 


2p 


r. 151, fig. 50. 


‘\. A. Fisher, ‘‘Geology and Water Re 


‘ources of the Bighorn Basin, Wyo.,’’ U. 8. 


Surv. Prof. Paper 53, 1906. 


face, 150 by 

for long dista1 

although it really 

cient to cause a good current 


itches.° Here t 


| 
ing a 


} 


the Upper Rio Grande, ha 


Platte not yet sue 
yw the 
Hence 


valleys in the surrounding mountains a 


aroul South 


‘ ' 
here, as ind Sou Park, t 


1 


end as their we 
out upon the ba 
are therefore stil 
and plain-channe! 

Another 


found on the 


excellent } 
rivers is non-dissecte 


face of a beautiful intramont b 
known as Cache ‘‘ Valley’’ in 
Utah 


more 


Idaho, less 


than the 


and southern 
fully settled 
plain. Limited on the east by 
highlands of the Bear Ri 
and on the west by the narr 
ering northern extension ¢ 
Wasatch Range, it measures about sixty 
miles north-south by ten or fifteen east 
west. During the 
of the Glacia 
cupied to a depth of 
feet by a northeast arm of La 
the 
Lake; the 


then 


more humid elimate 

period this basin was oc- 

hundred 

ke Bi 

predecessor of Great 

high-level and 
a 


formed are clearly seen 


several 
nne- 
ville, greater 
Salt deltas 
shore lines 
to-day on the mountain flanks, and 


fine sediments then laid dov 


n on the lake 


bottom still overspread much of the basin 
The high-level delta of Logan 


from a 


area. 
River, 
deep, canyon-like valley in the 


which enters the basin 


eastern 
highlands, serves as a picturesque site { 
State College, fr 

which a fine view is enjoyed over the a 


the Agricultural] 


tractive city of Logan on the lower de 


far across the basin plain to 
A map and a view of 


levels and 
its mountain rim 
this delta are given 


in Gilbert’s mono- 


10C, E. nthal, ‘*G gy and Ground 
Water of the San Luis Valley, Colo.,’’ U. S. 
Geol. Surv. Water Supply Paper 240, 1910. 


Siebe 
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graph on Lake Bonneville. Bear 
River, entering the basin through an- 
other gorge farther north in the eastern 
highlands, gathers to itself all the other 
inflowing streams but does not trench 
the basin plain. Its short outlet gorge, 
leading westward at a low sag in the 
Wasatch Range to the plain of Great 
Salt Lake, is followed by a railway line. 
A dam is there constructed for electric 
An electric railway, coming 
north from Salt Lake City and Ogden, 
enters the basin from the west over the 
lowering Wasatch crest south of the out- 
let gorge and offers its passengers a de- 
lightful prospect across the plain to the 
highlands on the east. A highway fol- 
a similar course. Clearly, these 
three valleyless basin plains warrant the 
statement made above that various other 
basin plains in the Rocky Mountains, 
now more or less dissected by branching 
stream valleys, were also valleyless at an 
earlier stage of their evolution. 


power. 


low Ss 


AGGRADED Bastn PuLatns ARE Not 
VALLEYS 

Let not the reader be deceived as to 
the real nature of the San Luis and 
Cache basin plains because they are called 
valleys by their occupants, for West- 
ern settlers have been undiscriminat- 
ing in their use of physiographic terms. 
Many a broad plain, however smooth its 
surface, has been called a valley by its 
explorers and settlers if mountains are 
to be seen rising above its sides. Clearly 
the term intermont or intramont plain 
had never been learned in their school- 
day study of geography. Even the sin- 
gle word plain would be a much better 
name than valley for these smooth sur- 
faces. Furthermore, it seems to be be- 
eause of the ill-advised appropriation of 
the term valley for flat intramont areas 
which should be called plains, that many 
an ordinary valley in the Western moun- 
tains is called a canyon, although it is 
much too well opened to deserve so em- 
phatie a name. 

11U. §. Geol. Surv., Monogr. I, pls. XXVI, 
XXVII. 
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Frémont, one of the earliest 
Western explorers to use this §; 
name, correctly noted that it signi 
defile or gorge in a creek or river 
high rocks press in close, and 
narrow way, usually difficult and 
impossible to pass’’; but to-day 


of open and easily traversable \ 


ealled canyons by physiographical 
It must 


responsible Westerners. 
mitted, that 
terminology geographers | 
much less enterprising than t} 
eal confréres, for while bota 


however, in t] 


developed an admirably complet: 


elature for the description o 


forms of plants and have advai 


nomenclature with the advance 


science, geographers have, as a ru 


to get along in the description 


plicated land forms with such o 


as they found, ready made, in 
use. So strong has been the pri 
favor of this unscientific proc 


the few progressives who have « 
ally ventured to coin a new wor 
better deseription of a particu 
of topographic feature have | 


infrequently censured by tl 


conservative associates as ill-ady 


novators. But surely even t! 
servatives can not object to tl 


PS 


so proper an old term as plain f 


areas, although it is not to b 


that Western farmers will ceas: 


their plains valleys. 


THe Great AMERICAN D 


We may now go beyond the e1 


ranges of the Rocky Mountai 
No space can be given to the 
province which, with its nearly | 
structure, occupies a large ar 
the one-and-only point where 
four states meets the other t! 


y 


square corner, and which exemp! 


development of true erosional 
a superlative degree. 


We must ¢ 


once upon the desert plains and 


lated ranges of the Great Basin, s 
W 


ingly developed between the 


Mountains of Utah and the Sierr 


~ 
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vada of California, and extending thence 
southeastward into Mexico. Here we 
shall find that not only does modern 
orogenic deformation increase in its 
abrupt range-and-trough irregularity of 
displacements, with the result of mak- 
ing the mountain valleys discontinuous, 
but that climatie aridity combines there- 
with to inerease valley discontinuity by 
rendering most of the rivers discontinu- 
Hence here the contrast be- 
tween the valleys of the East and the 
West reaches its climax. 

This is the arid region which Frémont 
long ago called the Great American 
Desert; and although the name later be- 
came unfashionable among Western set- 
tlers and was ‘‘taken off the map,’’ the 
desert is still there, except for relatively 
small irrigated districts. That early ex- 
plorer traversed the Great Basin twice 
in 1843-44, and knew whereof he wrote: 
he records that the region was already 
then called a desert, and adds: 


us also. 


From what I saw of it, sterility may be its 
prominent characteristic; but where there is so 
much water [as supplied by several inflowing 
rivers} there must be some oases. . . . The whole 
idea of such a desert . is a novelty in our 

yuntry. ... Interior basins, with their 
systems of lakes and rivers, are common enough 
in Asia . . . but in America such things are 
new and strange, unknown and unsuspected, 
and discredited when related.12 


own 


FAULT-BLOCK MOUNTAIN RANGES 


All through this vast arid area, which 
includes the whole of Nevada, eastern 
California, western Utah and southwest- 
ern Arizona, orogenic forces appear to 
have acted during the geologically recent 
past in the way of, first, breaking pro- 
found fissures in an extensive land mass 
of moderate relief and thus dividing it 

12**Report of the Exploring Expedition to the 
Rocky Mountains . . .’’ Washington, 1845. 
See pp. 264, 265. This interesting report is 
printed in a manner highly suggestive of the 
scientific undevelopment of our national gov 
ernment at its time. The volume has neither 
table of contents nor index; and, in spite of its 
extremely unlike parts, every one of its 580 
pages is headed: ‘‘Doe. no. 166.’’ 
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earth-crust, 
ten to 
fifty or more miles in length from 
one to ten or twenty miles in width; and 
arping and 


into elongated blocks of 
trending about north-south, from 


and 


tilting the blocks in most 
ion. 
kind, on which displacements occur 


Deep earth-crust fissur: 


to geologists as faults, and th 


known 


displaced crustal masses are called fault 


blocks. The Basin Ranges may therefor: 


in so far as they are thus produced, be 
must be 
lock 


the uptilted masses have been 


called fault-block ranges, but it 
understood that during and since 
faulting, 
more or less eroded, dissected and de- 
grraded, as further told 
It is not intended to imply that all the 


will be below. 
Basin Ranges are dissected fault blocks, 
although I believe that a majority of 
them are of that origin. 

The fissures of displacement are often 
compound, comminuted fractures, some 
what Fig. 3, rather than 
smooth breaks, and faulting on them has 


as shown in 


probably taken place in many fits and 
starts of small movement, each accom 
panied by an earthquake, between inter- 
vals of quiescence that would be con 
sidered long from a human point of 
view, but which 
brief as the earth looks upon time. Re- 
cent crustal deformation in this region 
may, indeed, be said to be geologically 
active. The thus found be 
tween the tame epirogenic equability of 
crustal deformation in the Appalachian 


regarded as 


would be 


contrasts 


highland and the excited orogenic di- 
versity of displacement in the Great 
Basin gives good geological warrant for 
speaking of the West as persistently 
**wild.’’ 

Like the earlier and much less exten- 
sive breaking and tilting of long crustal 
blocks in the Appalachian belt, after it 
had been folded degraded, the 
breaking and tilting of the Great Basin 
blocks appear to be the work of sec- 
ondary forces, acting superficially, in 
consequence of deep-seated deformation 
due to primary forces. And like the re- 


and 
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cent, basin-making deformation in the 
Rocky Mountain belt, the fault-block 
dislocations in the Great Basin were 
preceded by a great compressional def- 
ormation of more primary character, 
the two periods of disturbance being 
separated by a long interval of erosion. 
That interval was, indeed, so long that 
the mountains produced by the earlier 
compressional deformation had _ been 
greatly reduced and in places obliterated 
by degradation before the second defor- 


mation, which involved  fault-block 
jostling, gave rise to the mountain 


ranges of to-day. 

The up-raised blocks were, as above 
noted, somewhat eroded even during 
their active up-rising and have been still 
more eroded since the up-rising ceased. 
They now form many of the Basin 
Ranges, while the up-raised or 
actually depressed intermont blocks con- 
stitute the rock floors of many inter- 
range depressions, and are therefore the 
seat of deposition for the detritus out- 
washed from the valleys eroded in 
the range blocks. Thus the intermont 
troughs, as they are aggraded to fairly 
even surface, become intermont detrital 
plains. It is noteworthy that in the 
Rocky Mountain system the intramont 
basins are isolated among the intercon- 
necting ranges, but in the Great Basin 
it is, as a rule, the ranges that are iso- 
lated, while the desert plains are inter- 
eonnected around them. Most of the 
plains might therefore be called cireum- 
mont; but some of them are only inter- 
mont or even intramont. The Rocky 
Mountains thus constitute a true moun- 
tain chain, in which the intramont basins 
are the spaces within the irregular links. 
The Italian Apennines are of a similar 
nature: one of their most typical intra- 
mont basins is that of Florence, drained 
by the middle Arno; its surface is 
smooth and undissected; another, also 
undissected, is that of the upper Tiber 
between Perugia and Assizi; a third, 
more beautiful than the other two be- 
cause it is now well dissected, is that of 


less 
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the upper Arno, its main trene] 
known as the Valdarno.** On the 
hand, the Basin Ranges of our W 
not constitute a chain; a few « 

are linked together, but most of 
rise separately through the large ; 
in the flat-lying and net-like 

of aggraded desert plains. 


ConTRASTS OF Bastin Ran 
ALLEGHENY RinGes 
No parallels to the Basin R 
to-day found in the Appal 
True, the Allegheny Mountains, 
ing from Pennsylvania across \ 
Virginia and Tennessee 
include many ridges that alten 
inter-ridge lower lands, as shown ir 
1, but these slender ridges are 1 
upheavals, like the Basin Ra: 


into A 


are erosional residuals, and they s 
as ridges because the belts of s 
clined and extra-resistant sar 
which control them have withst 
sion so much better than the 
intervening belts of weaker 
strata, which are worn down in t! 
lands. Moreover, the Allegheny 
run in peculiar zigzag patterns, b 
they follow with precision th 
tions into which their contro] 
stones, along with the weaker fort 


were crowded when the Ap; 
belt was long ago compress 
gigantic folds. Furthermore, t 
ridge lower lands are not 


troughs, but true although rat 
valleys of excavation. This 
made clear by referring again t 
in which it is shown that 
from the nearly featureless 
stage 1 to the alternating ridges a! 
lands of stage 2 is a simple res 
selective erosion, consequent UJ 
epirogenie upheaval. 


EXAMPLES OF FavuLt-BLocK Ran 
Orogenic diversity of deforn 
the Great Basin, as exemplified 
13 W. M. D., ‘‘Der Valdarno, e1 

Ges. f. E 


lungsstudie,’’ Zeitschr. 
1914. 
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sult-block ranges taken in connection 
with climatie aridity, is so largely respon- 
for the discontinuity of Western 
llevs in contrast to the prolonged con- 
tinuity of Eastern valleys that a few ex- 
ples of such ranges may be here ad- 
| A typical mountain-making fault 
- is found in the Warner Range of 
northeasternmost California, of which R. 
Russell has lately given an excellent 
lescription.’* The range is part of a huge 
mass of heavy lava and ash beds, at least 
eight thousand feet in total thickness, 
which must have lain horizontal when 
first outpoured but which now, in the 
mountain range, are up-faulted so that 
they slant at a moderate angle to the 
st and present a great escarpment to 
e east. The range block measures 
about eighty-five miles in north-south 
ngth and from eight to twenty miles 
veross. The western or back slope, 
where several minor faults occur with 
increasing strength northward, is mod- 
erately furrowed by consequent valleys. 
The eastern or fault face is sharply 
ravined and much battered back by 
weathering and washing. The present 
erest of the range, somewhat lowered 
by a rather strong retreat from the 
potential fault-block edge, still reaches 
ltitudes of from 8,000 to nearly 10,000 
et; it was therefore high enough to 
have borne small glaciers in the Glacial 
period, traces of which are seen in sev- 
eral valley-head cirques. The eastern 
face descends to a great, aggraded, in- 
termont plain, known as Surprise ‘‘ Val- 
ley,’ which oceupies a down-faulted 
trough: its surface altitude is somewhat 
under five thousand feet; wells show 
the depth of accumulated detritus to be 
eight hundred feet at least. The plain 
is bounded on the east, just across the 
Nevada line, by another fault-block 
range, which is tilted to the east and has 
its ravined fault-face to the west. 
Two highly instructive ranges in the 
“«R. J. Russell, ‘‘. . . The Warner Range 
+’? Univ. Calif. Bull. Geol., 17: 387-496, 


9 


1928, 


Humboldt Lake region of northwestern 
Nevada have been well described by 
Louderback,*® whose account of them 
shed a flood of light on the fault-block 
problem. The main body of these moun 
tains consists of ancient and compres 
sionally deformed strata which, 
erosional reduction to moderate 01 
relief, were unconformably overspread 
with beds of tuff and sheets of 
lying level. The compound mass w 
then faulted in two blocks with eastwar 
slant, the fault lines being unrelated to 
the deformed structures seen in the bloc! 
faces, and the faulting apparently in 


volving lateral extension instead of com 


pression. The two ranges thus produced 
have been moderately eroded, but the 
lava sheets still cover the greater part of 


their back slopes. The physiographic 


1 


value of these ranges lies in “onvine- 
ing evidence that they furnish for the 
two-cycle sculpture of their rock mass; 
that is, of the almost complete destruc- 
tion, during a long cycle of erosion, of 


the ancient and lofty mountains which 
must have been produced by the e m 
pressional deformation of their ancient 


strata, before the worn-down and then 
lava-shrouded mass was block-faulted 
into the present cycle of mountain ex- 
istence. In no other way ean the un- 
conformable lava cover now seen on the 
back slopes of the two ranges be ex- 
plained. A number of other ranges are 
known in various parts of the Great 
Basin which also have the worn-down 
rocks of their back slopes more or less 
lava covered and thus teach the same 
lesson. In the desert interior of south- 
eastern California I have crossed a se- 
ries of nine north-south blocks, large and 
small, all faulied apart and tilted, as 
15G. D. Louderback, ‘‘ Basin Range Struc 
ture of the Humboldt Region,’’ Bull. Geol. S 
Amer., 15: 289-346, 1904. Other important es 


says on the Basin Range problem by this author 


+ 


are: ‘‘Basin Range Structure in the Great 
Basin,’’ Univ. Calif. Bull. Geol., 14: 329-376, 
1923; and ‘‘ Period of Scarp Production in the 


Great Basin,’’ ibid., 15: 1-38, 1924. 
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proved by their ‘‘Louderbacks,’”* and 
the three largest of these faults, slant- 
ing at angles of about 50°, clearly imply 
a horizontal, east-west extension in asso- 
ciation with the faulting. 


POTENTIAL AND ACTUAL FAULT-BLOCK 
RANGES 

Many of the Basin Ranges have, in con- 
sequence of long-continued erosion, suf- 
fered a much greater modification of 
their potential fault-block form—that is, 
of the form that they would have if up- 
heaval had not provoked erosion—than 
the above-described Warner Range in 
northeastern California and _ several 
other louderbacked ranges. They are 
deeply dissected by many ramifying val- 
leys, the erosion of which must have 
begun when upheaval was initiated and 
must have continued after it ceased. 
Their originally simple fault searps are 
worn back almost or quite beyond recog- 
nition, their crests are much worn down 
and notched and their back slopes are so 
maturely carved that the form of their 
pre-upheaval surface is completely lost. 
The Peacock Range, a granitic mass in 
northwestern Arizona, is a good example 


16 A simple, perhaps too simple, summary of 
the later geological history of the Basin Ranges 
may be outlined as follows: A great series of 
rock formations, which may be called the King 
series as it was first studied out under the di- 
rection of Clarence King in the seventies, was 
severely deformed in mid-Mesozoic time. The 
resulting mountains, the King Mountains, were 
worn down during a long period of relative 
quiescence to a surface of moderate or low 
relief, which may be called the Powell surface 
as its existence was first inferred by Powell. 
This undulating lowland was broken into fault 
blocks, which may be named the Gilbert blocks 
as Gilbert first recognized their occurrence; 
and the blocks were diversely displaced, the 
higher ones becoming the Basin Ranges, while 
the lower ones, if low enough, were aggraded 
to intermont plains. Wherever the Powell sur- 
face, before its faulting, happened to be cov- 
ered by a lava sheet in such a location that a 
Gilbert block carried part of the sheet on its 
rear slope, the block may, with apologies to the 
head of the department of geology at the Uni- 
versity of California, be described as ‘‘louder- 
backed. ’’ 
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of a maturely modified range, a; 
are scores of other ranges believed : 
similarly modified; but however 
modified they agree in having t 
leys end as they open out upon 1 
mont detrital fans of their wet 
streams. 

The Peacock Range is, however 
culiar interest, because some \ 
clining spur ends of its back or « 
slope are overlapped with slanting 
of lava of small extent—little |] 
baecks—which, inasmuch as they 
upon an evenly slanting surface 
ite, testify very clearly to severa 
of importance in the history 
range. First, before the lava beds 
tilted, they and the smooth sur 
granite on which they rest must 
stood about level, and hence bef 
lava was poured out the massive gr 
must have constituted a rock 
must be here recalled that gra 
rock of underground origin; when s 
at the earth’s surface the cover 
rocks as well as more or less of 
upper part must have been r 


erosion; and in the course of s 
moval its surface must have beer 
into mountainous form, as in the s 
matic background of Fig. 3, 


after passing through a mature st 
mountainous form could it hav: 
duced, in the senile 
undisturbed cycle of erosion, 
face of low relief, as in the s 
section. Next, about the end of 
long cycle of erosion but previous t 
block-faulting, a voleanic erupt! 
place, covering at least part of ti 
down granite surface with an 
ing of lava, as imagined in the rig 
half of the third section. Then 
the volcanic eruption, a pronoun 
ward tilting of a large block 
worn-down, granitic lowland 
the potential form thus produ 
represented in the fourth section 
The large up-tilted block was p! 
ably limited on the west by a strong! 


Stage ol 
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FIG. 3. FIVE-SECTION DIAGRAM, LOOKING NORTH, TO ILLUSTRAT 
EVOLUTION OF THE PEACOCK RANGE 
IN NORTHWESTERN ARIZONA. 3ACKGROUND SECTION, A MAT DISSI ED M Fr 
SECOND SECTION, THE SAME REDUCED TO A PENEPLAI | oO ‘ 
PARTLY COVERED WITH LAVA SHEETS, POURED OUT FROM A VOLCA oO Fo 
‘IAL (NON-ERODED) FORMS PRODUCED BY THE DISLOCATION OF PLAI ) 4 
FOREGROUND SECTION, THE TILTED BLOCK IS MUCH WORN DOWN IN THE PEACOCK RANGI 
WITH LITTLZ LOUDERBACKS AT ITS EASTERN BASE; THE EVENLY UPLIFTED, LAVA-CO\ » TRUXTON 





MESA IS CUT THROT 


inasmuch as a broad detrital plain now 
skirts the mountain range on that side, 
while at the same time a narrower lava- 
“overed block next to the east was 
evenly uplifted, constituting the little 
Truxton mesa; and farther east still the 
much higher and vastly broader uplift 
f the great Arizona plateau, not in- 
‘luded in Fig. 3, took place. Finally, 
the up-faulting must have occurred long 
enough ago for a rather strong recession 
of the fault scarp by which the broad 
plateau region on the east is limited, for 
the entrenchment of a canyon across 
the Truxton mesa block, in which a fine 
section of the undulating surface of the 
granite under the lava cover is ex- 
posed,” and for a great erosional reduc- 

‘In the ‘‘Guide-book to the Western United 
States, ’” Part C, the Santa Fé route (U. S. 
‘reol. Surv. Bull. 613, 1915), it is said that the 
‘Tuxton lavas lie on ‘‘an exceedingly irregular 
surface of granite, filling up valleys and bury 
ing low peaks and ridges.’’ In view of the low 


GH BY A CANYON 

tion of the uptilted mass of the Peacock 
Range during and after the tilting, as 
in the foreground section of the figure. 
For not only is the western fault face 
of the range block maturely carved by 
many branching valleys, in consequence 
of which the inter-valley spur ends have 
retreated back of the fault line, but the 
eastern or back slope of the block has 
also been valley-scored, and so deeply 
that its ridge crests are now worn down 
decidedly below the potential back-slope 
surface, as indicated by the slant of the 
little Louderbacks. 
ferred voleanic cone, from the basal 


Moreover, the in 


slopes of which the lava outpourings 
made their escape, must also have been 


much eroded; its location is not mani- 


relief of this buried surface, it might be better 
described as ‘‘minutely uneven,’’ thus leaving 
the stronger phrase, ‘‘exceedingly irregular,’’ 
for the description of the much less reduced sur 
face in the background block of Fig. 4 
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fest, although thickening of the lava 
beds in the southern part of Truxton 
mesa, not shown in Fig. 3, suggests that 
it was thereabouts. 

All this is so clear that it may be seen 
and understood from a passing car, for 
the scantiness of vegetation on the desert 
mountains lays bare their rock structure 
with a distinctness that is perpetually 
astonishing to a geologist brought up in 
a humid climate. The relation of un- 
derground structure to surface form, 
which has to be searched out in tree- 
covered regions, is here displayed almost 
at a glance; but it is of course always 
well to confirm the glance by a closer 
and more deliberate serutiny. The visi- 
bility of rock structure in the desert has, 
indeed, strongly influenced the direction 
of scientific investigation there; for just 
as geologists became paleontologists in 
New York State, where the strata, over- 
lapping southward, contain a rich store 
of fossils arranged as if on museum 
shelves; just as geologists became topog- 
raphers in Pennsylvania where the 
heavier and less fossiliferous strata are 
folded in such a manner as to guide 
erosicn in developing an intricate pat- 
tern of ridges and lower lands; just as 
geologists became petrographers in New 
England where a complex of crystalline 
rocks had to be unraveled; so in the arid 
West, the visible relation of underground 
structure to surface form gave so much 
meaning to the varied features of the 
landscape that geologists there became 
physiographers! 


DIscONTINUOUS VALLEYS OF THE GREAT 
SOUTHWEST 

The vast desert region of the South- 
west, in which inter-trough ranges, 
earved out of up-faulted blocks, alter- 
nate with detrital plains built up in the 
down-faulted, inter-range troughs, is 
strongly characterized by the relatively 
small length of its true erosional valleys, 
for however sharply such valleys are ex- 
cavated in the up-raised range-blocks, 


they end as a rule at the rang 
and are not continued across t 
plains. Hence a resident in t! 
would not, like one whose hor 
Appalachians, regard valleys 

as essential accompaniments of 
Here, as already noted, one 
physiographic contrast betw 
West most strongly developed 
West, in consequence of mark: 
ties of recent orogenic movements 
earth’s crust coupled with 
aridity, the valleys are marked! 
tinuous; in the East the valk 
consequence of the extraordi: 
bility of recent epirogenic n 
coupled with climatic humidity 
and of striking continuity. But 
broad statements as to the 
eroded valleys from the aggraded 
of the Great Basin are open 
qualifications, some of which 
pointed out below. 


DetriTaAL Deposits or INT! 
TROUGHS 

In the absence or sparseness ¢ 
tation on the valley sides of 
mountains, weathered detritus is 1 
tained there until it is disintegr 
fine texture, as is the case on 
slopes. When a heavy rain 


desert range, coarse as well as fi! 
waste is hurriedly washed d 


slopes to a stream line, and is t 
more hurriedly and in larger 
swept along by the flooded str 
discharged in wild disorder 
valleyless piedmont fan. The 
rush of the turbid waters may 
for a mile or more in the des 
ness; rock blocks of astonishing s 
earried forth and left stranded 
prising distances from the val 

It must not, however, be infer 
the detritus now seen in an int 
trough plain has been carr! 
source to its destination in sing 
for floods from mountain va! 
fail to flow so far as the trough m 


} 
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flood-causing rains fall not 
ilv over the but on the 
lains also, and a plains flood gives a 


oreover, 
LU! 


mountains 


farther carry to detritus that fell short 
> destination in an earlier carry by a 
On the other hand, if 

. mountain streams in high flood flow 
for enough forward, they will 
forces for a time and form a trunk river 
along the lowest line or physiographic 


al 


axis of a trough plain, as defined by the 


ountain flood. 


join 


meeting of fan-slopes from the moun- 
tains on either side. Yet the trunk river 
s likely soon to dwindle away, for 
down-stream from the area of the flood- 
eausing rain its flow diminishes rapidly 
by soaking into the porous and thirsty 
detritus of the trough floor. Hence soon 
after the supply of rain water from 
passing thunder-clouds is drawn off the 
river disappears, leaving its braided 
channel dry; and then the head 
branches, if they are still able to flow at 
all, are left in betrunked discontinuity 
far up in the mountains. However, a 
surprisingly large store of 
ground water long remains in the detri- 
tal trough filling, where it is available 
for recovery from wells of moderate 
depth by wind-, gas- or wire-power 
pumps. The growing city of Tucson in 
southeastern Arizona depends wholly on 
the pumped-up ground water of its in- 
termont detrital basin. 

It follows from the above account that 
the streams of the dry country are occa- 
sionally longer though usually shorter 
than their mountain valleys, also, that 


in-soaked 


: 


dry, gravel 
fans and 
inter-rang 
leys are ol 
it follows 
troughs of 
universally 

occupants, th 

true, physiographic vall 
is their broad 
deposition rather than of erosion, but 


surtace 


they often lack one of the m 
characteristics of true valle) 
a continuous descent along th 
or plain-bottom line This 
physiographic axis of the trough 
above defined, has not as a rule a con 
tinuous slope in one direction all along 
its length, as a normal valley has, but 
repeatedly rises over faint swells and 
sinks in shallow swales, the 

generally determined by 

large 

the troug 


swales result from a deficiency of 


meeting of extra 


opposite sides of 


ing; they do not stand in any necessary 


or close relation to original rock-bottom 


basins of the down-bent trough 


} } 
bloeks 


the site sha 


They are commonly 


low saline lakes or of dead-le 
which the in-fi 


flats, from 
l evaporation 


disappears chiefly by 


owing 


flats are commonly known by the 
ish name playas."* 


is A good ac 
been written by I. C. 
‘*Present and Extinct Lakes of 
Ger 77. Vf 





BIOCHEMISTRY AND THE PROBLEMS OF 
ORGANIC EVOLUTION 


By Professor ROSS AIKEN GORTNER 


IN THE UNIVERSITY OF MINNESOTA 


DEPARTMENT OF BIOCHEMISTRY 


Tue contributions which biochemistry 
ean offer to the problems of organic 
evolution have, so far as the author is 
aware, never before been stressed. 

The appearance of the various plants 
and animals on this earth has been ex- 
plained in terms both of a progressive 
evolution and of a special creation. 
This paper was not written in an at- 
tempt to overthrow the views of those 
who believe in a special creation. They 
are entitled to their beliefs. It may well 
be that one person can fit certain facts 
into a certain belief or theory and an- 
other person can fit the same facts, just 
as logically to himself, into another set 
of beliefs or theories. As a scientist 
the author is interested not in proving 
or disproving any set of theories or be- 
liefs, but in presenting for the reader’s 
consideration certain interesting facts 
and allowing the reader to draw from 
those facts whatever conclusions he may 
desire. 

To be more specific, that which is at- 
tempted is to point out the great har- 
mony, from the biochemical standpoint, 
which exists in nature, and to permit the 
reader to draw his own conclusions as to 
the manner in which that harmony was 
brought about. An effort has been made 
to differentiate rather sharply between 
what is known in the way of scientific 
facts and what the author believes to be 
the scientific interpretation of those 
facts. 

The term, biochemistry, is susceptible 
of two definitions. The first definition, 
because of the limitations of our present 
inadequate knowledge, must be regarded 
as tentative, eventually to be replaced by 
a more positive definition when scientific 
facts have accumulated to a point where 
final generalization may be made. 

Therefore, for the present the defini- 








tion of biochemistry may be stated as ‘ 
field of science devoted to the stud 
the natures and reactions of those < 
pounds found in living matter ar 
rodle which these compounds play i: 
living organism,’’ with the ultimat: 
that this definition may be restat 
“*a field of science yielding an int 
tation of the reactions of living 
isms in terms of physics, chemistry) 
mathematics. ”’ 

Life, from a mechanistic standp 
may be looked upon as the resultant 
series of complex chemical reactions 

We are inclined, for purposes of « 
venience, to divide living organisms 
the plant and animal kingdoms, 
when we reduce our studies to s 
cells we find that many complexities | s 
vanished and, in the last analysis, 
the plant cell and the animal ce! 
much in common. We are incelit 
think of life in terms of the respons 
the multicellular organisms, whereas t st 
actions and reactions of the multic 
organism are only the expression oi 
integrated or average reactions of 
cells which comprise that organism. 

Death, from the standpoint 
multicellular organism, is only the ! 
ure of coordination between the cells 
comprising that organism. Many 
vidual cells may remain alive and fu 
tional for hours or even days after t 
organism as a whole is pronounced t 
dead. Death in a single cell is the i ma 
ure of some chemical reaction whi 
essential to the maintenance of | 
equilibrium of the living protoplas! 

As we shall see, the chemistry o! t ie. 
plant cell is probably of a higher order six 
and is more complex than is the che! bora 
istry of the animal cell. abo 

The plants have two functions: (1 the 


ror 


the transformation of radiant energ) 


+ 
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‘nto chemical reservoirs of energy for 
future generations, and (2), to a minor 
lecree, the utilization of a part of this 
stored energy to furnish the driving 
force for the parent organism. The ani- 

organisms, in most instances, lack 
the ability to accumulate radiant energy 
into a stored form but depend upon the 
pl for the energy which they need in 
their vital processes. 

The plant may be looked upon as anal- 
ogous to an automobile having both an 
ideally perfect storage battery and an 
lectrie lighting system. It takes energy 
om the dynamo (the sun) and stores 

at the same time utilizing a fraction 

that energy for its own activities. 
The animal is essentially a flashlight, the 
bulb of which functions only because a 
electrical energy has been 
stored in a ‘‘dry cell’’ produced in an- 
ther factory. When the dry cell is ex- 
hausted, the light no longer burns. 

The animal kingdom is_ therefore 
saprophytic and entirely dependent 
upon the plant kingdom for its exis- 


souree of 


tence. 
Granted then that plant and animal 
have much in common, both in 
structure of the cell (morphology) and 
n the biochemical reactions, a study of 
e processes going on in the plant cell 
volves, in the last analysis, more com- 
plex problems than does a study of the 
hemical processes characteristic of ani- 
mal cells, for in the plant cell we must 
study not only the processes involving 
the utilization of energy but also those 
involving the more important fixation of 
nergy. 
The basie chemical reaction which 
— possible life as we know it to-day 
uay be written in chemical shorthand as 
6 CO,+6 H,O + 677.2 Cal. = C,H,,0,+ 6 O, 
(photosynthesis), 


.¢., Six molecules of carbon dioxide plus 


» ‘x molecules of water plus 677.2 kilo- 
)eram calories of radiant energy bring 
» about the formation, in the plant cell in 
ithe presence of chlorophyll, of one mole- 
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cule of sugar (glucose) and six molecules 
of oxygen. All the carbon 
the carbon in peat, in petroleum, in our 
forests, 
derived initially from this fundamental 
process which we call photosynthesis 


in coal, all 


in our foods and in our bodies is 


The second great fundamental equa 
tion of life is the the first, and 
may be written 

C,H,.0O, + 


reverse of 
6 O,=6 CO,+6 H,O + 677.2 
(respiration 


i.e., one molecule of sugar (glucose 


plus 
six molecules of oxygen yields six mole- 
cules of carbon dioxide, six molecules of 
water and 677.2 kilogram calories of heat 
energy in the eall 
respiration, and by this process of res- 


process which we 
piration the energy of the sunlight which 
was stored by the plant is made available 
to carry on the chemical reactions of the 
cells, both of plants and animals. 

Man is a wonderfully efficient ma- 
chine. In a hard 
quires about four thousand large calories 
of energy. This is the energy 
lent of approximately one pint of gaso- 
No machine yet devised by man is 
as is man 


day of work he re- 


equiva- 


line. 
as efficient a utilizer of energy 
himself. 

A consideration of the 
living processes dates from 
tively recent times. Aristotle and the 
alchemists believed that water was trans- 
formed by living into the 
body tissues. Van Helmont tested this 
theory about 1640 when he planted a 
willow tree weighing five pounds in a 
jar of dried and weighed soil. During 
a period of five years the tree grew to 
one hundred and sixty-nine pounds and 
being 


chemist ry of 
compara- 


organisms 


three ounces (wood and leaves 
watered during the entire period only 
with rain water or distilled 
When, at the end of the experiment, the 
tree was removed and the soil was again 
dried and weighed, it was found to have 
lost only two ounces; therefore, the logi- 
cal conclusion was drawn that water had 
been transmuted into wood and leaves. 


The only Van Helmont 


water. 


mistake made 
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was to ignore the traces of carbon 
dioxide in the air as a potential source 
of carbon. 

While the two great equations of life 
already noted apply without exception 
to all the higher forms of the plant and 
animal kingdoms, nevertheless we have 
evidences of certain smaller and earlier 
biological worlds within our own, ap- 


yarently inclusions and relics of an 
I t 


earlier past. Certain lower forms of 
living organisms (bacteria) do _ not 
utilize carbon compounds as a source of 
energy. Their energy relationships are 
possibly relics of an earlier day when 
there were no carbon compounds, back 
when life was just beginning upon the 
earth. 

Thus, for example, certain of the 
**iron bacteria’’ derive their energy by 
the oxidation of ferrous bicarbonate, 
probably according to the following re- 
action : 

4 Fe(HCO,),+0O,— 2 Fe,0, + 8 CO, + energy. 


Most, if not all, of our ‘‘bog iron ore’’ 
deposits have been laid down in the 
earth’s crust through this chemical reac- 
tion which characterizes the energy cycle 
of the iron bacteria. The enormous de- 
posits of iron ore in the Cuyuna and 
Mesaba Ranges of Minnesota, estimated 
to have contained 4,200,000,000,000 tons 
of ore, have apparently all been laid 
down by this ‘‘iron bacteria’’ reaction. 
The ferric oxide formed by the oxidation 
remains within the cell of the bacterium 
and accumulates in a bed of iron ore as 
the bacteria die. Even at the present 
time in many places this process of iron 
accumulation is actively proceeding. 

Other similar reactions involve the 
oxidation of hydrogen sulphide to sul- 
phurie acid: 

H,S +2 O,— H,SO, + energy; 
the oxidation of ammonia to nitric acid: 
NH, +2 O, > HNO, + H,O + energy, 


or even the oxidation of elemental sul- 
phur to sulphuric acid: 
28+3 0,+2 H,O—2 H,SO, + 283.6 Cal. 


It seems probable that the 


of sulphur to sulphurie acid and 
monia to nitrous and nitric acid 


s 


teria in cavities in the rocks n 


been responsible for the initiati 


formation of a true soil upon tl! 


Thus, F. W. Clarke in his ‘‘ D 
chemistry’’ states: 


Even forms of life so low as bact 


to exert a definite influence on t] 
tion of rocks. A. Miintz has found t 
rocks of Alpine summits, where r 
exists, swarming with the nitrif 
The limestones and micaceous schists 
du Midi, in the Pyrenees, and the 
careous schists of the Faulh 
Oberland, offer good exam 
The organisms draw their 
the nitrogen compounds bri 
and rain; they convert the amn 
acid and that, in turn, corrod 
portions of the rocks. The 
duced at any one point may be 
the aggregate they may becom: 
And Henry Fairfield Osbor 
Origin and Evolution of Life 
Earth,’’ adds: 


It is noteworthy that it is 


rived from waters and soils rather t 


the atmosphere which plays the 
the life of these organisms; 
represent an early stage in ch 
since carbon is not their prime 
adaptation to an earth-and-water 
rather than an atmospheric on¢ 


We are inclined to em 
nitrogen-fixation processes 
been one of the recent cont 
chemistry to agriculture 
however, has calculated tha 
alone brings down to the eart 
000,000 tons of nitrogen in 
ammonia and nitric acid, 
being derived from voleanic ga 
silent electrical discharge thr 
atmosphere, from ammonia 
from the soil and the nitric a 
by the action of lightning 
fixation in the soil by bacteria 
on the average to about t 
pounds per acre per year, t 
from four to six times the 


this 


nitrogen which is added to th 


} 


‘ 
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rainfall. Contrasted with this, the 
. of the world’s chemical nitro- 
ven-fixation industry for 1927 
700,000 tons of nitrogen. 

The bacterium Thiobacillus  thio- 


Jans, which utilizes elemental sulphur 


+ 
tor 
e@SLIMA Ut 


was 


as its source of energy, is of interest to 

biologist, inasmuch as this bacterium 
higher concentration of 
than any 
yet been 


tolerate a 
tual acidity (hydrogen ions 
which 
thiooxidans 


organism has 
Thiobacillus 


juce sulphurie acid by the oxidation 


will 


> elemental sulphur in as high a con- 
ntration as 10.2 per cent. sulphuric 


1, and the organism will still remain 


forms of life as those noted 
bove may have persisted for ages and 


en somehow—somewhere—the wonder- 


Such 


| compound which we know as chloro- 
phyll was ‘‘invented.’’ This is the 
mpound which gives the green color 
to the higher plants of to-day. Prior to 
its “‘invention,’’ the sulphur bacteria 
were limited to that area where deposits 
elementary sulphur exist, the iron 
teria to the slowly flowing waters 
ntaining soluble iron salts, the oxidiz- 
ers of ammonia to the ammonia brought 
lown by the rain from the heavens, but 
w—the chlorophyll-containing organ- 
isms could for the first time utilize the 
energy radiated from the sun and sent 
it through space, and in the presence 
f carbon dioxide and water, which were 
ever abundant, could store the radiant 
energy for future utilization. The 
power station of life had been con- 
structed. No longer was life on the 
earth limited to shallow pools in the rock 
surfaces, to the warm waters of sluggish 
streams and to the tidal pools of the sea- 
shore. Plant life now could distribute 
itself over the entire earth, limited only 
by temperature and moisture conditions. 
in the atmosphere there was an inex- 
iaustible supply of carbon dioxide and 
m the sun a never-failing source of 
radiant energy. 
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The ‘‘invention’’ of chlorophyll ma 
possible the 
animals. 
Modern 
almost entirely since 
searches of De Saussure, of 


biochemistry 


Liebig and of Lawes and Gilbert 
the way for the modern structure 
admittedly is still in its f 
stages. 

The chemist 
two 


knows to-day 
Until 


d that only ten 


were essential for plant growth. 


elements. 


chemical 
we have believ 
work indicates that a number of others 
but 


extremely small amounts 


are essential are required in only 


The ten ele- 
ments generally accepted as essential are 
earbon, hydrogen, oxygen, phosphorus, 
potassium, nitrogen, sulphur, calcium, 
iron and magnesium. Of these, only one, 
oxygen, can in general be directly util- 
ized as such by both plants and animals 
Both plants and 
directly the inorganic 
hydrogen (in the form of water), phos- 
phorus (in the form of phosphates 

potassium, calcium, magnesium and iron 


animals can utilize 


compounds of 


in the form of their inorganic salts). 
In addition to the ten principal elements 
that are listed for plants, the anima! 


and 


requires adequate 


organism probably also most 


plants supplies of 


sodium, man- 


chlorine, iodine, 
ganese, etc. These, 
utilized when present in inorganic forms. 
But only plants can utilize the inorganic 
(in the form of carbon 


copper, 


however, can be 


forms of carbon 
dioxide), nitrogen 
monia or nitrates) and sulphur (in the 
form of sulphates). These three 
ments make up approximately 60 per 
cent. of the dry matter of the human 
body, and all that 60 per cent. has, in 
the last analysis, been derived directly 


in the form of am- 


} 
CleC- 


or indirectly from plants. 
nm ’ . . 
The energy for growth and mainte- 
nance for both plants and animals and 
the energy for 
are derived from the energy originally 


locomotion of animals 
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emitted by the sun and stored in plants 
in the form of carbohydrates (sugars) 
and fats. Both the plant and the ani- 
mal ean transform sugars to fats or fats 
to sugars, but only the plant can form 
either fats or sugars from the simpler 
inorganic compounds, carbon dioxide 
and water. Since, however, fats may be 
formed from carbohydrates or carbohy- 
drates may be formed from fats in the 
animal body, we, as organisms, are not 
dependent upon the plant kingdom for 
the specific fats or the specific sugars 
which we need in our vital processes ; 
1.e., given an abundant supply of carbo- 
hydrates or an abundant supply of fats, 
the animal organism can apparently 
transform all or part of that supply into 
the varied sugars or fats required in its 
vital processes. Recent investigations, it 
is true, point to the possibility that there 
may be certain exceptions to this broad 
general statement. Thus, for example, 
the researches of Burr at the University 
of Minnesota appear to indicate that 
adequate growth and maintenance, at 
least for the white rat, are conditioned 
upon the presence of a minimum amount 
of certain of the fats in the diet. 

Granted, then, that the transforma- 
tion of fats to carbohydrates and carbo- 
hydrates to fats is possible, what about 
the great harmony in nature that we 
noted in regard to both the biochemistry 
of plants and of animals? 

This may be illustrated as follows. 
There are sixteen possible so-called aldo- 
sugars of the general formula C,H,.0,. 
Fifteen of the possible sixteen have been 
artificially built up in the chemical 
laboratory. Only three (glucose, man- 
nose and galactose) of the possible six- 
teen occur in nature either in plants or 
animals. Only these three of all the 
sixteen can be utilized as sources of 
energy by either plants or animals. 
Mannose never occurs, so far as we are 
aware, in animals except as a constituent 
of egg albumin. Galactose occurs uni- 


versally in the mammals as a constituent 





THE SCIENTIFIC MONTHLY 


of the sugar of milk and as a constituent 

of nervous tissue. In animals it js 
formed from glucose, but the seat of this mit | 
transformation appears to be wholly j tive 
the mammary gland. We have not yer Fai 
succeeded in the laboratory in effect 


the transformation of glucose to ga must 
tose, although it takes place readily j velop 
the mammary gland. Glucose is ¢ sible. 
universal form in which the carboly To 


drates are utilized as sources of energ: tarial 
and glucose is apparently the primar mini 
sugar formed from carbon dioxide and may | 
water by the process of photosynthesis plants 
in the green leaves of the plant. flesh ¢ 

When we turn to the fats, we find that ume 
only those fatty acids which conta plant 
an even number of carbon atoms occur built i 
in nature, and no animal so far invest rpor 
gated can utilize as a source of energ the fir 
any of the fats which have been built w second 
in the laboratory, the fatty acids of same | 
which contain an odd number of ear! orpor 
atoms. Again an illustration of : new 
harmony of biochemical processes but one 
plants and animals! the fra 

But it is in the proteins that | The 
chemical harmony and biological s; lom uy 
ecificity are most strikingly illustrat solute t 


The proteins (egg white, lean meat, et in our 


are composed of the so-called ‘‘amu acid of 
acids,’’ and up to the present approx- ) fit i 
mately thirty of these amino acids hav ell is b 


been isolated from proteins and haw process 


been studied. All these amino acids ca! anima] | 
be synthesized (built up) by plants from The 

the inorganic forms of carbon dioxid mosaic | 
nitrates and water. Only one can plied a 


x 


synthesized by animal organisms. Thus raricolo: 


one, glycine, is the simplest of all t an bui 
amino acids. It is highly improbab! plant ki 
that it can be formed in the animal bod) amino a 
by a building-up process similar to that # “chemi 
which takes place in the plant cells, and The o] 
it appears much more probable that is protei 
is formed by the partial breaking dow tein in t 
of other and more complex amino acids tein nee¢ 

If, then, we are to concede that an replaced 
mals are absolutely dependent up0! 3m in whic 
plants for the amino acids which are Hi ts conte: 
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building-stones which they utilize 
rm their body tissues, we must ad- 

t that plants represent a more primi- 

and an earlier, as well as a more 
‘ont, form of life than animals, in- 
ding man—that plants and plant life 
ist have reached a high stage of de- 
pment before animal life was pos- 

To be sure, unless we are wholly vege- 
tarians, a considerable portion of the 
mino acids in our body-tissue proteins 
may have been derived indirectly from 

its through intermediate animals, the 
fesh of which we utilize as food, but they 
me to us unchanged from the original 
ant source! The bricks which were 
built into the original structure were in- 
rporated into a new structure when 
the first was torn down, and when the 
second structure was torn down those 
same bricks unchanged were again in- 
porated into a third building. It is 
: new building of different architecture 
but one in which the old bricks still form 
the framework. 

The dependence of the animal king- 
lom upon the plant kingdom is so ab- 
solute that if the mixture of amino acids 
1 our food is lacking in any one amino 

dof the proper chemical configuration 
to fit into the vital protein which the 
ell is building up, then the building-up 
process is blocked and the death of the 


The artist can complete a_ perfect 
mosaic only when the artisan has sup- 
plied all the intricate pieces of the 
varicolored enamels. The animal body 
an build its proteins only when the 
plant kingdom has provided the varied 
amino acids. And this knowledge of 
biochemistry all dates since 1900! 

The old theory of Liebig that protein 
8 protein and a given minimum of pro- 
tein in the diet would care for the pro- 
tem needs of the animal body has been 
replaced by the statement that a pro- 
tein which is eaten must be adequate in 
ts content of amino acids. If the body 
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needs a ‘‘Peter-Piper-picked-a-peck-of- 
pickled-peppers’’ 
trition will not ensue if a ‘* Theophilus 


protein, adequate nu- 
Thistle-the-successful-thistle-sifter’’ pro- 
tein is fed. 
Aside from 
animal kingdom upon the plant kingdom 
in the matter of amino acids, the study 


the dependence of the 


of the proteins has shown other exceed 
ingly striking indications of the una 
nimity of vital processes. The entire 
regarded 
a bio 
chemistry where the animal is used as a 
If a small amount of pro- 


science of immunology may be 
as a special field of biochemistry, 


test reagent. 
tein, as 
millionth of a 
injected into 
guinea-pig and 
fifteen days a second injection of a 
slightly larger the 
protein is made, the guinea-pig will die 


small an amount as one ten 


vram of egg white. is 
the blood stream of a 
then after twelve to 


quantity of same 


in a convulsive spasm. Only egg white 
from the same species of bird used in the 
initial injection will produce this strik- 
ing effect. 
as an anaphylaxis and the reaction as 
The initial 


‘*sensitizing 


The phenomenon is known 
an anaphylactic shock 

dosage is referred to as a 
dosage’’; the final 
toxicating dosage.’’ 
hay fever, some eczemas and many cases 


dosage as the ‘‘in- 


The phenomena of 
of ‘‘colic’’ in infants are more or less 
mild evidence of anaphylaxis. If 
protein other than egg white had been 
injected the second time, there would 
The 
protein used for the intoxicating dosage 


some 


have been no detectable reaction. 


will produce a shock only when it has 
the same and 
chemical protein 
used for sensitiza‘ion. Our chemical 
methods of protein research are far too 
crude to distinguish slight differences in 
chemical configuration many 
proteins, but using the immunological 
reactions of anaphylaxis, ete., it is pos- 
sible to study biochemical and biological 
relationships which may exist between 
the proteins of various species and 


chemicai composition 
configuration as the 


among 
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genera of animals or plants, and thus 
trace (perhaps) degrees of phylogenetic 
relationship. 

Now, what do such studies tell us? 
First, all mammals have at least one 
thing in common—the young are nour- 
ished with milk and the milk of all 
mammals contains a unique protein, 
casein. Casein occurs nowhere else in 
the products of living organisms than in 
the milk of mammals. Immunological 
studies tell us that the casein of the milk 
of all mammals is essentially identical 
in chemical composition and chemical 
constitution. The milk of the mouse, 
the milk of the whale and human milk 
contain the same protein, and the casein 
from these three sources can be used 
interchangeably in so far as the im- 
munological reactions are concerned. 

Second, the egg yolk of birds, fishes 
and reptiles contains another protein, 
more or less similar to casein, which we 
-all vitellin. And here again, the vitel- 
lin from the yolk of turtle eggs, from 
fish eggs and from the various birds, in- 
cluding those which man has domesti- 
cated, are essentially indistinguishable 
from each other, in so far as immuno- 
logica] reactions or chemical analyses are 
concerned. Either nature followed ex- 
actly the same path in designing the 
easein molecules in each species of 
mammals and vitellin molecules in each 
species of birds, fishes and reptiles, or 
else a biological, as well as a biochemical, 
relationship exists among the various 
members of the orders of the mammals 
and among the various members of the 
orders of the birds, the fishes and the 
reptiles. 

The reader is free to select whichever 
interpretation appeals to him as the 
more probable, but let us not consider 
the possibility that such a condition 
could have arisen by chance. That is 
entirely out of the question. For ex- 
ample, an individual protein, such as 
casein, is built up by the uniting to- 
gether of probably hundreds of indi- 
vidual molecules of amino acids. Sup- 


pose, however, there were only twenty 


amino acids, all different, in a sim, 
protein molecule. How many dist 
‘*proteins’’ would be possible, e ic] 
ing the same chemical formula. 
having the same amino-acid content 
each a different ‘‘protein’’ becaus 
different arrangement of the amino a 
within the molecular = structur: 
would be the same old mathem 
problem of in how many ways e 
arrange twenty different books w 
shelf, and the answer is factorial ty 
(}20) or the enormous number 
2,432,849,185,428,480,000 different 
rangements. 

The biological reactions of the prot 
enable us to differentiate rather shar; 
in most instances, between those prot: 
which are characteristic of one s) 
and those which are foreign to that s 
cies, and it is upon these obser\ 
that the entire modern structure of 
munology has been built. Some w 
point out that the species specifi 
which is demanded by the moder 
ories of immunology and which is s 
in immunological reactions is almost 
finite and therefore surprising. ( 
sidering the infinite possibilities of 
linkages of amino acids in proteins 
much more surprising that nat 
should ever synthesize twice in su 

nes 


y 


sion proteins which are eve! 
alike. 

Perhaps no more striking illustrat 
of the exactness with which vital r 
tions are regulated in the living 
plasm can be given than the fact 
through untold generations, a g\\ 
organism reproduces the same sti 
configurations in the proteins \ 
characterize that organism. The ! 
that each species has a different set 
proteins is not the surprising t! 
The surprising thing is that natur 
able to control the synthesis of prot 
within a single species, so that the sa! 
protein is synthesized by all members 
the species. 


nNrot 


Further examples of the chemical and 





& Close 


i ical 
was n 
tween 

group’ 

The 

related 
munolk 
reactio; 
portion 
ship, ] 
In crim 
of bloo 
animal 

studied 
of anin 





BIOCHEMISTRY AND ORGANIC EVOLUTION 


unological identity of proteins are 
nd in wheat and its near relatives, 
+ emmer, durum and einkorn. The 
editary factors of organisms appear 
reside in structures called 
romosomes which are present in the 


i 


certain 


Einkorn has seven chromo- 

durum, fourteen 
spelt and 
chromosomes. 


nuclei. 
emmer and 


and 


common 
Stu- 


romosomes, 
eat, twenty-one 
lents of plant genetics are fairly well 
creed that durum and emmer arose by 
, doubling of the chromosome number 
einkorn and that a tripling of the 
rise to spelt 
ind the common that einkorn 
presents an early stage in the progres- 
A few 
years ago we investigated certain of the 
roteins of these grains and found that 
protein which was present in the 


romosome number gave 
wheats- 


ive development of the wheat. 


irgest amount in the seeds was identical 
far as chemical, physical and im- 
munological tests could ascertain. This 
servation added one more link to the 
jin whereby the close family relation- 
p of this group was established. 
At the same time we investigated the 
protein of the seeds of corn, kaffir, sor- 
(Euchlaena mezxi- 


ghum and teosinte 
na, a wild grass of Mexico which had 
n suggested as the possible progeni- 
Here, again, there was 
ind among the proteins of these seeds 
a close chemical, physical and immuno- 
relationship. However, there 
was no immunological relationship be- 
the proteins of the ‘‘wheat 
group’’ and those of the ‘‘eorn group.’’ 
The blood serum proteins of closely 


tor of maize). 


ical 


tween 


‘ 


related animals show more or less im- 
munological identity, the intensity of 
eaction being more or less directly pro- 
portional to the closeness of relation- 
ship. Immunological tests are the basis, 
n criminal eases, for the identification 
of blood as to whether of human or of 
animal origin. Nuttall, in England, 
studied more than nine hundred species 
{ animals, making more than sixteen 


thousand immunological 
found that the 

group of animals the 

proteins 


which contained 


relationships with 


human blood. <A 


is shown in 


Human 
Simtidae (Anthrop 
Cerco} ithecidae 
mon monkeys of 
old world 
Cebidae (Capuchins and 
spider monkeys of 
the new world 
{ Marm< sets 


Lemurs 


Hapalidae 
Le mur dae 


* ] 


100 indicates a reaction essentially identi 


cal in intensity with that of the original serum 


used for immunizing. 


Nuttall 
either a qualitative or 


was unable to distinguish 
a quantitative 
difference between the blood sera of man 
and those of the three species of the 


anthropoids. Again this may be a cein- 


, 
*TOSe 


cidence or it may indicate a bio- 
logical relationship. 

Turning to another phase of biochem- 
istry, let us consider the vitamin prob 
lem. Within the last fifteen years the 
importance of vitamins in the diet has 
been stressed. are 
supreme! Man 


growth and well-being; 


Here, again, plants 
needs vitamin A for 
vitamin B as a 
defense against beriberi and other ner- 
vitamin C as a defense 
against scurvy; vitamin D as a protec- 
tor against rickets and to aid in calcifi- 
cation of the bones and teeth; vitamin E 
has not been proved essential for man 


but is required for certain animals in 


yous disorders: 
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the processes of reproduction; absence 
of vitamin G leads to the disease pel- 
lagra. All these vitamins can be formed 
by the plant cell. Man can, with cer- 
tainty, form adequate amounts of only 
vitamin D, the antirachitic vitamin, and 
then only when ample exposure of the 
skin to ultra-violet radiation is provided. 
The rat can synthesize vitamin C, the 
antiscorbutie vitamin, so that in that 
respect at least the rat is superior to 
man; but in most instances, man, to- 
gether with many of the other mam- 
mals, is dependent upon plant sources 
for his vitamin supply. The fact that 
most animals undergo similar reactions 
when deprived of some particular vita- 
min speaks strongly for similar bio- 
chemical mechanisms as governing the 
vital processes of the entire group. 

One important group of biochemical 
compounds appears, with our present 
knowledge, to be limited almost wholly 
to the animal kingdom. It may be that 
the presence of compounds of this group 
is really the important distinction 
which separates the animals, and espe- 
cially the higher group of the mammals, 
from the lower forms of life and espe- 
cially from the plant kingdom. The 
group referred to is known as the hor- 
mones. Apparently the special fune- 
tions and greater differentiation of the 
tissues and organs present in the higher 
forms of animal life have required spe- 
cific chemical regulators to be present, 
and thus the hormones came into being. 
There are, however, suggestions that cer- 
tain of these hormones may have certain 
analogues in the plant kingdom. 

Typical of the hormones is thyroxine, 
the iodine-containing compound of the 
thyroid gland. Thyroxine may be re- 
garded as a regulator of the metabolism 
of the body. The lack of it causes goiter, 
cretinism, mental inadequacy and 


idiocy; an excess of it causes hyper- 
thyroidism and the actual burning up of 
the tissues of the body during the life 
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of the individual. It is in order t 

tain a proper supply of iodine for + “ 

formation of thyroxine in the + 

gland that ‘‘iodized salt’’ is used 

tables of to-day. The amount of ind nes 

in the normal thyroid probably lies ver 

tween 0.1 and 0.5 grain. } 
Another hormone is_ epine; 

secreted by the suprenal glands 

thought to be responsible for the n I 

It possibly als bio 


nance of blood pressure. 

is responsible when secreted in . U 
for violent emotions and the reactions f | 
which accompany anger. It has mot 
estimated that there is normall) chi 
more than 0.015 grain of epinephr has 
the body at any one time, and an i ¥ 
tion of three one-hundred-thousandths ul 
of a grain will produce a pron g! 
physiological effect. pigt 


Another hormone is insulin, 
secreted by a group of cells in t! 


ereas gland and which is requir Bi 
that the body can completely burn 1 was 
sugars as a source of energy. L: synt 
insulin brings on the characterist nil 
symptoms of diabetes. prod 
And so one might enumerate a ! prod 
ber of other less well-known but fai the a 
well-characterized hormones which pig 

trol or regulate some important rh 
tion of the human body. The nto 
which it is wished to emphasize, however omp 
is not that such compounds exist | to le 
that these same compounds likewis terre 
exist in other animals than ma! proce 
in these animals perform essential: intim 
same function that they perform in n ment 
In hormone therapy we utilize des! Is | 
thyroid of the sheep to supplement ship 
deficient supply of thyroxine from ment 
own thyroid glands; we use the insu animé 
prepared from the pancreas of various have 
animals—it can even be obtained are al 
organs of the fish; and the epinephr tral 
of our suprarenal glands is identical wi! is to 
a compound present in the ‘‘toxi! with 
secreted by the skin of the tropical t hemog 
Soclats 


sometimes used as a spear or alr 
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noison and long ago prescribed by Pliny 

as a remedy for certain diseases. Dried 
adskin, in spite of the fact that we 
ughed a few years ago at the foolish- 

ness of such a prescription, is in fact a 
vy potent drug! 

Man, from the standpoint of hormone 

lationships and hormone functions, is 

integral part of the animal kingdom. 
ere is more order than chaos in the 
chemical interrelationships. 

One more illustration in the realm 
f biochemistry will suffice. The enor- 
mous importance of the ‘‘invention’’ of 
hlorophyll, the green pigment of plants, 
has already been indicated, since by this 
‘invention’’ the sunlight 

uld be fixed and made available to the 
igher forms of life, including man. No 
pigment, no compound, can ever exceed 

biological importance chlorophyll 


‘ 


energy of 


Sut possibly ages after chlorophyll 
was first formed another pigment was 
synthesized, second only to chlorophyll 

importance. Chlorophyll is a plant 
product, apparently exclusively a plant 
product. The new pigment belongs to 

e animal kingdom, hemoglobin, the red 
pigment of the blood!—the pigment 
which permitted animal life to develop 
nto large multicellular organisms of 

mplicated structure and function and 
to leave an aquatic environment for a 
terrestrial existence. The respiratory 
processes of the mammals of to-day are 
intimately associated with the red pig- 
ment, hemoglobin, of the blood stream. 

Is there then any biochemical relation- 
ship between the most important pig- 
ment of the plant world and that of the 
animal kingdom? Recent researches 
have shown that in many respects they 
are almost identical! The complex cen- 
tral nucleus of the chlorophyll molecule 
is to all intents and purposes identical 
with the complex central nucleus of 
hemoglobin. In the plant the metal as- 
sociated with the chlorophyll nucleus is 


hemoglobin 
the 
nucleus has associated with it phytol, a 
ber of the 


the 
iron. In 


magnesium; in 
animals it is plants the 
complex, much-branched mem 
alcohols; in the animal 
but, 


group of higher 
hemoglobin this residue is a protein, 
by and large, there is a remarkable simi- 
larity in the essential biochemical strue- 
ture of chlorophyll and of hemoglobin 
The question as to how such a simi- 
We 
There 


’ 


are. however. some suggestions, per! aps 


larity came about is of interest 


ean, of course, only speculate 


relics of an intermediate stage 


Certain animals do not possess hemo 


elobin. Their blood is not red but color 


In this group we find 
lobster. the Oy ster, 


less or pale blue. 
the Crustaceae, the 
the crab. They possess not hemoglobin 
but an 
eyanin, containing not iron but copper 


analogous compound, hemo- 


Still others, such as the tropical mollusk 
Pinna possess neither hemo- 
globin nor hemocyanin, but instead their 


squamosa, 


blood pigment is pinnaglobin in which 
the iron or copper is replaced by man 
gvanese. 

Unfortunately, hemocyanin and pin 
too little 


gated to permit one to say how closely 


naglobin have been invest! 
the structures of these compounds are 
related to chlorophyll on the one hand 
and to hemoglobin on the other. That is 
But if 
were permitted to speculate, it might 


a problem for the future. one 
perhaps be logical to think as follows. 
The 


upon plant sources for the formation of 


animal organism is dependent 
many complicated chemical compounds 
No chemical compound comparable to 
phytol, the complex higher alcohol of 
chlorophyll, has been found to be formed 
by animals, but the animal can form 
proteins, once given the animo acids 
from plant sources, so the phytol of 
chlorophyll was replaced by a grouping 
which the animal could synthesize, thus 
making the animal independent of the 
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plant for that particular grouping and 
allowing the animal to modify that 
grouping to suit its own special needs. 
Then the magnesium is not an oxygen 
carrier, but copper, manganese and iron 
may serve in that capacity, so some- 
how—somewhere—a new pigment came 
into being, chlorophyll modified in that 
a protein replaced phytol and copper or 
manganese replaced magnesium, and a 
respiratory pigment suitable for cireula- 
tion in the blood stream was the result! 
Multicellular and multiorganed animal 
life became a possibility! But a con- 
stant supply of either copper or manga- 
nese can be assured only in a uniform 
and fairly constant environment. The 
ocean provided this, and even to-day the 
animals possessing respiratory pigments 
containing copper and manganese are 
limited to an aquatic life. 

Later, far later probably as a geolo- 
gist counts time, some animal ‘“‘in- 
vented’’ a modified respiratory pigment 
in which iron replaced the copper or 
manganese, and the first hemoglobin was 
formed! Now for the first time was 
there a highly efficient respiratory pig- 
ment; iron exists in considerable 
amounts in all the waters and all the 
soils; it is present in appreciable 
amounts in all environments, and the 
new pigment was so efficient as an oxy- 
gen carrier that, when the proper ana- 
tomical organs were developed, a ter- 
restrial existence of the larger animals 
became possible. 

This reasoning is admittedly a hy- 
pothesis. It is presented as a possible 
romance of life. It may well form a 
basis for future investigations. Suffice 
it to add that even in the plant king- 
dom there is some obscure but still defi- 
nite relationship between chlorophyll 


and iron, for while chlorophyll « 

no iron, nevertheless chlorophy 
not be formed by the plant unless 
iron salts are available in the 
Within the last two or three years 
searches have shown that in all py 
ability a similar relic of the earlier 
still persists in the vital processes of + 
higher forms of animal life, sinc 
pears that hemoglobin formation is 
paired when all traces of copper 
manganese (or both) are absent 
the diet. 

And so one might continue almost 
definitely. It might be pointed out t 
it is generally agreed that life arose 
the warm, tropical seas, and that 1 
and in fact almost all the land anim 
still live potentially in the ocean 
the blood which bathes every cell 
bodies is a salt solution containing 
various chemical elements in almost t 
exact proportions, relative to on 
other, that are present in sea wate! 
slight changing in the relative pr 
tions of these inorganic ingredients 
our blood produces pronounced pliys 
logical effects. One might point out 
the mechanism of respiration is 
to all plant and animal cells and 
man is no exception. But enough 
been accomplished if it has been d 
strated that there is more ord 
chaos in the biochemical interr: 
ships throughout the plant and ar 
kingdoms and that biochemistry, as 
independent science, has much to of 
toward the solution of the problems 
organic development. A mary 
harmony pervades throughout t! 
chemical processes which character 
vital phenomena. It is left to the r 
to decide as to how that remarka 
harmony came to be. 
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THE ARTIFICIAL PRODUCTION OF 
NEOPLASMS 


By Dr. STANLEY P. REIMANN 


THE RESEARCH INSTITUTE OF THE LANKENAU HOSPITAL, PHILA 


Tue first thing to do is to define, if is obstructed, such as the bladder by an 
ssible, what a neoplasm is. Strange enlarged prostate, or the pyloric opening 
3 it may seem, this is not easy. The by an ulcer or adhesions, the reaction in 
nearest approach is the text between the cludes new growth of muscle fibers. In 
vers of a large monograph on tumors. the same class are the artificial growths 
Even this is inadequate because there are produced in the uterus. Leo Loeb in 
so many things still uncertain; a signifi- 1907 first obtained a decidua-like neo 
int fact is that the detailed biology of plasm by irritating in various ways the 
tumors is either in dispute or is practi- endometrium of guinea-pigs. Quite re 
eally terra incognita. Hence no matter cently, by the injection of different 
what definition of a neoplasm isadopted, ovarian extracts, growths of the uterus 
t will be lacking in essentials. and breast have been produced. 

But we must start somewhere, and so But these are not the kind of 


} 


us say that a neoplasm is a new’ growths ordinarily included in the 


growth of tissue, imitating, more or less, ‘‘neoplasm’’ by pathologists. In 


some normal tissue, growing for no ob- first place, they are physiological, 1. 
vious reason and to no definite termina- they serve a purpose. Some attempt a 
tion, with no respect for other tissues; sort of support to a physiological func- 
it is apparently outside of the control of tion which is being threatened with de- 
he rest of the organism; it is without struction. Their growth is limited to 
function, at least, without useful fune- adequacy. They are under the control 
tion, and if not removed completely it of another part or parts of the organism 
recurs and keeps on growing. In the second place, these growths stop 
From the point of view of embryologi- when the demand ceases and then re 
eal derivation, most tumors consist of gress. The newly formed tissue disap- 
only one kind of tissue; exceptionally, pears, e.g., after birth, the uterus under- 
they may contain derivatives of two or goes involution. The growth does not 
all three germinal layers and then are keep on, it is not autonomous and it 
called mixed tumors or teratomas or respects other parts. 
embryomas, ete. Another kind of new growth which 
Now all new growths are neoplasms in pathologists have always sharply differ 
a loose sense of the word. For instance, entiated from tumors, but one which is 
the hyperplasias are new growths. closer to them than the physiological 
When the uterus enlarges to take care of growths, is new growth caused by in- 
the growing fetus, new muscle fibers are flammation. Searching for a tangible 
produced. The breasts of human and _ difference, the best is probably that they 
other mammalian females exhibit new are protective. Inflammation is a re- 
growths alternately of glandular tissue action used by the organism to ward off, 
and connective tissue during each men- or otherwise render deleterious influences 
strual cycle. Pregnancy initiates an less harmful. Anatomically, the new 
enormous new growth here. When the cells in an acute inflammation are easily 
normal exit of a hollow muscular organ differentiated from those of a tumor. 


"7 
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The cells which accumulate as a result 
of an inflammatory process are poly- 
morphonuelear leucocytes, plasma cells, 
monocytes, etc., or blood cells. They do 
not constitute an organized tissue, since 
they are free and independent entities 
capable of wandering from place to 
place. Tumors, on the other hand, are 
tissues having mass structural qualities. 
A very important difference is that the 
cells of inflammation can not reproduce 
themselves while neoplastic cells are able 
to do so. Further, the new growths of 
inflammation stop and disappear when 
the causes are removed. 

When the chronic inflammations, how- 
ever, are considered, we find ourselves 
approaching nearer to some of the 
tumors. The important addition here to 
the accumulation of wandering cells is 
the active proliferation of connective 
tissue and the production of many new 
cells. This growth is capable of making 
considerable progress. But once again, 
when the cause of the proliferation is re- 
moved (such as a focus of infection), 
the proliferation ceases, the new connec- 
tive tissue regresses, seldom completely, 
however, and a sear remains. Irritation, 
then, especially if long continued and of 
mild degree, produces a new growth. 

Some very important questions arise. 

Do these new growths ever continue, 
even when the cause is removed? Do 
the new cells ever become autonomous in 
their multiplication and keep right on 
growing whether the cause is removed or 
not? If so, is this because the original 
irritation continues long enough, or is it 
finally changed qualitatively? Or is it 
because an unlimited proliferative force 
is developed within the cells? Or are all 
these and possibly other causes operat- 
ing? 

The keloid is an interesting example 
for scrutiny. When the skin is injured, 
it ordinarily repairs the wound to a fine 
scar. But in some cases this scar steps 
over the boundaries and produces a huge, 


heavy mass of fibrous tissue sprea : 
far beyond the limits of the origina] j, 
jury. Ordinarily when repeated eut: R 
is made, the succeeding sears wil] 

little larger than the first if the sur 

is done skilfully. With keloids, 

other hand, no matter how earefu! p 
are removed, the recurrences are | wh 


and larger, until what was originally a re] 
wound, say a eut in the skin a centimetey 
in length, is replaced by a neop! 
much greater dimensions. Here is ma 
clear example of a reparative mechanis) ero 
stepping over the mark and bec 
what the definition says is a true dar 
plasm. Now keloids are except 
Yet they can be and are produced art phy 
ficially. It is well known that certai per 
African tribes deliberately prod bilit 
keloids of various symbolic designs | the 
roughly cutting themselves in the { alws 
arms, chest, ete. This artificial prod to t] 
tion is probably largely limited to 1 nan 
Negroes for biological reasons which ° W 
do not yet understand. theli 
The ordinary keloid stops growing at prod 
some time or another, but once in a \ whil 
one of them simply will not stop, but disa) 
proliferates on and on, until it fina ons’ 
kills its host and itself with it. Sn a lig 
particles are even carried to distant parts necti 
in the lymph and blood streams to pr lacta 
duce secondary growths in other tis urs: 
sues and organs. It thus becomes a necti 
wildly growing connective tissue tumor resto 
which is called asarecoma. A potent ture. 
fruitful line of investigation would be mens 
to see if there is any biological correla less ii 
tion between this type of neoplasm a eally 
the phenomenon of regeneration so com- is a 
mon among lower forms. growt 
Certain special forms of inflammation sue 3 
ealled the ‘‘infectious granulomas’’ are a physi 
step nearer the tumors. As their nam Nov 
implies, they are reactions to the pres- a ver 
ence of special micro-organisms, consist breast 
ing of overgrowths of cells, chiefly endo- or ot] 
thelial, lymphocytes and _ fibroblasts from ; 
They are a step closer to neoplasms be- she st; 
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use the overgrowths are much greater 
those in simple chronic 
The reaction growths 
syphilis and Hodgkin’s 
Now the prolif- 


n degree than 
nflammations. 
. tuberculosis, 


disease are examples. 


rations in all of them have been known 
+ times to exceed all reasonable bounds, 
which means greater than protective and 
reparative needs seem to warrant. 
We have seen so far, then, that there 
physiological growths, and inflam- 


matory, @.e., protective and reparative, 
Now while I have said that 

» latter occasionally overstep the boun- 
laries and become true tumors, I have 
been very careful not to say this of the 
Although rigid ex- 
perimental proof is lacking, the possi- 
bility must be considered. For example, 
the normal breast is never quiet but is 
always growing and receding, stimulated 
to the utmost growth, of course, by preg- 
nancy, but more continuously by oestrus. 

When impregnation occurs, the epi- 
elial cells begin to multiply and 
produce more and more glands, 
while the connective tissue gradually 
disappears. At full lactation, the breast 
msists of little else than glands, with 

light supporting framework of con- 
nective tissue, vessels and nerves. When 
lactation is interrupted, the reverse oc- 
urs; the glands disappear and the con- 
nective tissue grows until the organ is 
restored to somewhat its former struc- 
ture. The same changes occur at every 
menstrual period; though these are 
less in degree, they are repeated periodi- 
cally over long intervals. Thus there 
is a constant, reciprocal, synchronized 
growth and regression of connective tis- 
sue and epithelium. This 
physiological. 

Now not infrequently there is found 
a very small, a beginning, cancer in a 
breast unaccompanied by inflammation 
r other changes. When the breast is 
irom a woman in the menstrual age, and 
she states that her breasts always swell, 


rrowths. 


physiological ones. 


new 


growth is 
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larger and tender just before 


menstruation, can it be assumed that the 


become 
cancer is composed of epithelial cells 
which have been overstimulated 
liferation by the menstrual influence and 
thus have been started on an autonomous 


to pro- 


existence ? 

May this not be a physiological growth 
overstepping the boundaries? My own 
opinion is that it is, although I know of 
proof Good 


no direct experimental 


negative evidence is 


studies of Leo Loeb. 


provided by the 
He found in mice 
that removal of the ovaries, which takes 
away the source of the periodic stimulus 
of growth of the epithelium of the 
also reduces markedly the incidence of 


breast. 


breast cancer 

When inflammatory growths are con- 
sidered. clean-cut experimental evidence 
is at hand. 

Clinical observation has shown that a 
neoplasm, a cancer, often begins at a 
point where there has been chronic irri- 
tation. 
the 
tooth continually tears the mucous mem- 


For example, cancer develops in 
cheek at the site where a jagged 
brane; cancer develops in the lip where 


a hot clay-pipe rests for years ; cancer 


develops in the skin at the site, even 
healed for former 
tuberculous abscess: 
the edges of the sear.of an old burn, or 
where X-ray treatment was previously 
applied. 

Experimentalists, taking advantage of 
these facts, have planned accordingly. 
Warts of fibrous and epithelial cells have 
been produced on rabbits’ lips by re- 
healing 


when vears, of a 


eancer develops at 


peated scraping of the area 
Tumor-like growths have been deliber- 
ately produced by X-ray, ete 
Another clinical observation 
lated a large amount of work in 
‘*chemical method’’ 


stimu- 
what 
might be called the 
of producing overgrowths. It 
known for many years that chimney- 
sweeps were peculiarly susceptible to the 


was 


development of cancers of the scrotum 








430 


and skin of the inside of the thighs. 
Cancers in this particular region are rare 
in the remainder of the population. 
Likewise, workers in tar, paraffin, oils, 
ete., developed cancers of the hands, 
arms and other exposed parts with con- 
siderable regularity. This led to the ex- 
perimental use of soots, tars and oils in 
the production of artificial neoplasms in 
animals. When the application of the 
tar is stopped most of the growths dis- 
appear, showing they are not real neo- 
plasms, t.e., they are not autonomous. 
But the cells of a certain few animals 
do finally develop the capacity to grow 
without further prodding by the tar. 
This, and other considerations, lead to 
the conclusion from which there seems 
no escape, that in addition to the local 
there is a constitutional background for 
the reaction. Can it be postulated that 
there are some differences in the chromo- 
somes in individuals of the same species, 
so that chromosomes of some are more 
apt to take on ‘‘cancerous’’ properties? 
Any differences must be in the nuclei, 
because the nucleus controls cell division, 
and neoplasia is a problem of cell di- 
vision, 

Among other chemicals which produce 
overgrowths and occasional tumors are 
Scharlach R, Sudan III, amidoazotoluol 
and naphthalamin. 

Next comes the artificial production 
of neoplasms by parasitic organisms. 
Rigid proof has been offered of a para- 
sitie cause only by the work of Fibiger 
with the rat and of Erwin Smith in 
plants. The former found a nematode 
worm in a cancer of the stomach of a 
rat, obtained a source of supply of this 
worm in infested cockroaches, fed the 
cockroaches to rats and about 20 per 
cent. of them developed cancer of the 


stomach. Needless to say, rats do not 
develop spontaneous cancer of the 
stomach in anything like so high a per- 
centage. 


Smith was able to correlate plant 
tumors with an organism, Bacillus tume- 
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faciens, in the sense of the produ 
of an inflammatory reaction going on : 
malignancy in susceptible individuals 
occurs with tar in animals. 

Two more methods remain to be: 
the genetic and the transplantation 

In a certain number of individ 
many species of animals and plants 
tumors both benign and malignant 
pear spontaneously just as they 
man. 

There is but one sure way of enc 
aging the appearance of spontaneous 
tumors, and that is selective breeding 
The mouse has been the victim of n 
of these experiments. Inbreeding 
tumor stock results in an increase in t! 
percentage of animals developing ea 
eer. Thus through genetics a means is 
had for the artificial production of 1 
plasms. 

Among the details of 
hereditary cancer in mice 
They rarely undergo regression, but 
progress continuously or intermittent 
produce secondary growths and kill 1 
animal in two to three months. Most « 
them are glandular cancers and arise 
the breasts or salivary glands. The rat: 
of growth in different animals varies 
considerably. 

These spontaneous tumors are the s 
source of the transplantable tumors 
transplantable tumor is one, portions 
which, when inoculated into other a! 
mals of the same species, continu 
grow and kill the secondary host. ( 
tain well-studied examples have n 
become ‘‘standard,”’ 
kept in stock in many laboratories 
F. C. Wood, of the Crocker Cancer 4 
search Institute, has kept many tor 
number of years and is gracious enoug 
to supply material to various workers 
this field. These include a number 
tumors from the mouse, rat and fow! 

Transplanted tumors serve a num! 
of useful purposes but are in deserved 
disrepute for certain types of work, par 


spont ineous 


are thes 


so to speak, and ar 


” 
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ularly curative efforts, mainly be- twenty or thirty 
workers forget to use adequate _ tablishes a sort 
trols. It must be remembered that a_ itself. Finally, 
plant does not originate from the percentage of tran 
of the host but from another ani- a more or less 
The combination of tumor and _ cede and disappear, 


ise can really, therefore, be looked of mice. If another 
1] 


as a sort of tissue culture: the used, the figures will vary 


r. the tissue; the mouse, the culture This ends, then, the recital of 


um. Further details of trans- eral major artificial methods 
d tumors are that they are notori- production. But the paper ea 
unstandard in their growth and concluded without emphasizing 
uny recede and disappear spontane- withstanding the diversity of 
Thus anything applied which the result is always fundamentally 
ures’? must be viewed with suspicion, same, namely, cell proliferation 
ess rigidly and adequately controlled. being the case, the solution of the 
en a new transplantable tumor is lem of malignancy belongs to th 
tificially developed, 1.e., transplants gist, and it is on his doorstep tha 
n from a spontaneous one, it takes disagreeable progeny of human 
ime, possibly a year or more and now squalling 





HELMETS FROM SKINS OF THE 
PORCUPINE-FISH 


By Dr. E. W. GUDGER 


AMERICAN MUSEUM OF NATURAL HISTORY 


SoME years ago I wrote an article on 
some unusual uses made of the skins of 
the puffer fishes, and in this set forth 
briefly the use of these skins as helmets 
by certain Pacific islanders. Now ad- 
vantage is taken of the opportunity to 
bring together what is believed to be all 
the known accounts and figures of such 
helmets used in defensive warfare in the 
South Seas. These data, which I have 
been years collecting, are as curious as 
they are interesting. Various kinds of 
helmets have been noted in use by various 
dwellers in Oceania, but the poreupine- 
skin helmet is not merely restricted to the 
South Seas proper but, save for two iso- 
lated references to nearby islands, all the 
accounts allege its use in one single 
group of islands only. 

All the dwellers of the Pacific islands 
have evolved offensive weapons of many 
varied kinds, but, while scattered refer- 
ences have been found to the occasional 
fabrication and use of defensive body 
armor in various islands, it is significant 
that those who have best developed and 
most constantly used this armor are the 
wearers of the Diodon-skin helmets. 
And now, without further delay, let us 
turn to them. 


DIODON-SKIN HELMETS IN THE GILBERT 
or KINGSMILL GROUP 


The most obstreperous and war-like 
people of the South Seas are, or at any 
rate were, the Gilbert Islanders. They 
of all the dwellers in Oceania have de- 

1E,. W. Gudger, ‘‘The Puffer Fishes and 
Some Interesting Uses of their Skins,’’ Bulletin 
New York Zoological Society, 1919, 22: 126- 
131. 9 text figures, 


veloped the most bizarre offensiv: 


and the most perfected defensive |} 


armor to ward off attacks with 
arms. The American Museum pos 
a number of suits of such Gilbert | 


S 


armor and a large collection of offer 
weapons armed with shark’s teeth, 


unfortunately it does not have 
Diodon-skin helmets. However, t 


est and best complete suit of such an 
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known to me is found displayed 
model in the Peabody Museum, S 
Massachusetts, as may be seen in | 
herein. For this photograph | 

debted to the courtesy of Mr. L. W 
kins, assistant curator of the Pi 
Museum. This figure was first 


, 
( 


ty 


] 


lished in the ‘‘ Visitors’ Guide to Saler 


Essex Institute, Salem, 1916. 


Mr. Jenkins has endeavored to t 
the source of the materials of this er 


The figure itself was modeled som 
in the nineties of the last century 
was dressed from objects in the 
tions of the museum at that tim 
exact dates of the armor and 


ries can not be given, but Mr. Jer 


thinks that they were collected p 


1867 when the Peabody Museum rec 


them in taking over the collections 
old East India Marine Society 
ably they date earlier than 1850. 
Here then is to be seen a complet 
of coconut fiber (coir or sennit 


| ) 


for body, arms and legs. In addi! 


there is a cuirass of more closely \ 
sennit apparently supported on 
with a high-standing shield exter 
above and protecting the back 


head, a Diodon-skin helmet covering ' 


head and gauntlet-like structures 


, 
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shaped 


ocerdo sp 

Such defens 
complete and 
against attack 
shown in t 
layer over 
protected t e wea 


ot low veloeity propel] 


black powder from the smoot 


zle-loading guns of the 
Suc armor wa 
But On Thes¢ 


] 


first deseript 
armor known ti 

This earliest account 
skin helmet is in volume \ 
** Narrative 
ploratory 
1IS38—42. 
Peacock a 
off Drumm 
erouDp 

¥ purpose 

particular deseription 
a discussion | 


for anot] 





ove Sa el il 





raph bu courtesy ’ W. Jenkins 
MODEL IN PEABODY MUSEUM 
MASSACHUSETTS, OF A GILBER LAN ments, and it seems 


AD IN FULL 1OR, INCI ING 4 In full, and from lat 


DIODON-SKIN HELME' only data about t 
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FIG. 2. TWO WARRIORS OF DRUMMOND ISLAND 
KINGSMILL GROUP, CLAD IN NATIVE ARMOR. THE MAN ON THE LEFT WEARS 


DIODON SKIN. 


These Drummond Island natives came to be one of the pring ipal emp 
: : . weople 
aboard in considerable numbers, and of = P*@P': 
Wilkes? wri ‘oll In order to guard against 
them likes” writes as follows: effect of these arms, they had 
ah > , armour, which was almost 
The arms and legs of a large proportion of om 
igainst their weapons, an 


the natives exhibited numerous scars, many of 
for their arms and legs 


which were still unhealed. These had _ been nny 
where scars were seen. This ¢o 


made with shark’s-teeth swords, such as were : " 
of cuirass, covering the body as f 


seen at the Depeyster Group, weapons which are 


hips, and rising above the back of tl 


calculated rather to make severe gashes than 
tnke! 


st or four inches. This, when 

dangerous wounds. The spears are equally 

S , : ; c upon the deck, somewhat resemb 

formidable, and four rows of shark’s teeth are : : 

: e backed chair. It was made of } 

inserted in them: some are of the uncommon Salle 
. » usk 

length of twenty feet, but they are usually about 

eight or ten feet long, and have prongs pro 

jecting from their sides also armed with teeth. 


fibres, woven into as sol 
mass as if it had been made 
inch thick, and was as stiff as a 


: : ' For the legs and arms, they hav 
A drawing of these arms is given in the wood “ : 


cut at the end of the chapter. 
They were evidently in the habit of having 
severe conflicts with one another, and war seems 


ing of netted sennit of the same m 
they put on. That for the legs reset 
of overhauls, such as sailmakers use, 
over the shoulders. The covering 
2Charles Wilkes, ‘‘ Narrative of the United is drawn on in like manner. T 
States Exploring Expedition during the Years of the body was as if it were clot! 
1838, 1839, 1840, 1841, 1842,’’ Philadelphia, loons and jacket of a deep brown 
1845. Vol. V, p. 45-46, figures, on pp. 48 and they must find a very inconvenient 
75 their hot climate. However singu 
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a 


the | upine 


etched suffici 


weapons 
ediately following the last para 
hove, is a figure (reproduced as 
herein) showing two Drummond 
ers wearing this armor. One mai 
Diodon-skin helmet, but this does 
ive the pectoral fins acting as eal WIth On¢ 
tors as stated in the text. The George 
warrior has a helmet manufactured 7 Poly hesla 
robably out of sennit) in contrast to to the Kingsn 
it of his companion which was qrown natives that 
onafish. Finally Fig. 3 herein repro 
wes Wilkes’s tailpiece at the end of his 
apter dealing with the Kingsmill 
roup Here are shown the helm t. the 
lirass and two lances armed. with 











FIG. 3. ARMS AND ARMOR 


INCLUDING A HELMET OF DIODON SKIN OF THE I) 
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Islands.*’ On plate 170 ot 
he shows a native of the Kinegsn 
clad in the regulation armor 
islands. The helmet, however 
lappets of Diodon-skin di pel 
the helmet proper—something 1 





fore found. His figure 
tinet, and, as better ones ; 
does not seem nect ssary 
here. 
Fernand Hartzer,' 
ary, wrote in 1900 that 
bert Islanders wear ‘‘a casque 
out of the dried skin of a lare: 
strong spiny seales.”’ His phot 
figure shows a native c¢lad in 
sennit armor covering the wl 
but having instead of the euirass 
6 Fernand Hartzer, ‘‘Les_ Iles 
Archipels Gilbert et Ellice] des Mi 


}? 85, figure to face p. 284 Par 











ifter Hartzer, 1900 

FIG. 4. A GILBERT ISLANDER 
WEARING A DIODON-SKIN HELMET, COCONUT COIR 
ARMOR, AND A ‘‘STOMACHER’’ OF SHARK OR RAY 


SKIN. 


formed of the skin of the poreupine-fish, 
bristling with sharp spines and orna 
mented with a few feathers at the top.”’ 
The other armor both offensive and de- 
fensive was as described by Wilkes. 
Wm. Wyatt Gill, the South Seas mis- 


sionary, in his various books has given 


us many interesting first-hand natural 
history notes. In his ‘‘Jottings from 
the Pacific’ he relates that in 1872 he 
spent a day at Nukunau, one of the Gil- 
bert Islands. Here the natives came 
aboard with curios to sell the white 
strangers. Among these were helmets 
of the poreupine-fish ’s skin. 
In 1890, James Edge-Partington pub 
lished volume I of his great ‘‘ Album of 
the Weapons, Tools, Ornaments, Articles FIG. 5. HELMET OF SKIN O! 
of Dress, ete., of the Natives of the Pacific PINE-FISH 


London, 1885, p. 147. BRODY ARMOR AND SPEARS OF G 
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FIG. 6. MEN OF TAPITUEA, GILBER’ 


WEARING DIODON-SKIN HELMETS, CLAD IN A OR 
shark or ray skin. On his head he doubtful 


s the Diodon-skin helmet with ear lap- page 85 of his book is 
labeled ** Armes 


les Naturelles 


which shows such 


ts whieh protect the temporal regions drawing 
| as the ears and apparently ex Cuirasses ¢ 
i across the back of the head. Hart bert’ 
figure is so much more distinct blanees to Wilkes’s figu 
idge-Partington’s that it instead to wonder if 
is is reproduced as Fig. 4 herein. his illustration 
$s suit of armor is a bad ‘‘fit’’ for the as Fig. 5 


+ 


er, being evidently made for a much Augustin Krimer , 
through the central Pacifie and 
a discerning 


* Man. 
source of Hartzer’s figure is a_ those peoples wit 


f some interest. It is somewhat 1906 he published an extensive ac 
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mets has the ear lappets pre 
ferred to 

These data for this island K 
peats in his ethnological work ° 
beiten,’” ete.* Here he disti) 
that the ‘‘stomacher”’ or gird] 
of the thorn-studded skin ot 
mon in the Gilberts 

Hambruch® in 1915 figures 
from Bonabe atoll, Gilbert Gro 
ing all the armor save the 
His figure is reproduced as Fig 
partly because it is an excel 
but more because it shows 

’ Abhandlungen Hamburgischen | 
stituts, 1914, Bd. 14, pp. 229-230 

® Paul Hambruch, Nauru, 2. Halbl 
Ergebnisse der Siidsee Expedition 
| Hamburgische Wissenschaftliche Stift 
Ethnographie B. Mikronesien, Bd 


169-175. Tafel 27, fig. 2 








tfter Hambruch, 1915 
FIG. 7 WARRIOR OF BONABE ATOLL 
GILBERT GROUP, WEARING HELMET AND BODY 
ARMOR. NOTE THE PAD OF SOFT MATERIAL PRO 
PECTIN rii—E WEARER’S HEAD FROM TIE HARSH 


SKIN OF THE FISH. 


his travels. At Tapituea in the Gilberts 
the natives came in numbers to see him, 
bringing all sorts of ethnological objects, 
particularly offensive and _ defensive 
armor. The men willingly armed them 
selves and posed for him to make photo 
raphs. Two of these he reproduces in 


oO 
h 


is book, and of these his ‘‘ Bild 37°” is 





reproduced in part herein as Fig. 6. The 
man on the left has on trunk armor and 
helmet, the second is likewise clad plus ; : . wii = man’ 
the ‘‘overhauls’’ of Wilkes’s account. “. ca* Wee a peop 
Warriors numbers three and four have ¥ 

on only the ‘‘stomacher’’ and the helmet ; . : rod) 
respectively. At least one of the hel : “wf! . ’ a al 


Ve) 





7 Augustin Kriimer, ‘‘ Hawaii, Ostmikronesien, 1k 


und Samoa. Meine zweite Siidseereise (1897 \ 
FIG. 8. A MARSHALL ISLAND . 


WITH BODY ARMOR ANP WITH 1! 


1899) zum Studium der Atolle und _ ihren 
Bewohner,’’ p. 272, Tafel 11, Bild 37. Stutt 


gart, 1906, SKIN. 
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FIG. 9 \ WARRIOR OF TARI 


COCONUT-FIB 


iS. DRESS ) 


APONS ED ) 


ther known to me does ve., the pad ol 


lining whieh protects the wearer's head 
from the harsh skin of the fish. 

My the late Dr. Alfred G 
Mayor, many years ago traveled exten 
the South 


Agassiz 


friend, 


throughout Seas with 
Dr. Alexander 
pert photographer and fortunately made 
many such country, the 
people and their possessions. In 1916 

C published the figure and lege nd re 
roduced Fig. 9. The 


an portrayed wears a complet suit ol 


sively 
He was an ex 


records of the 


herein as my 
voven coir armor, and his chest is still 
Alfred G. Mayor, ‘‘Men of the Mid 
SCIENTIFIC MONTHLY, 2: 10, figure 


PINE-FISH 





ARI {|B 


OR \ ) 


rurtive 

Colr CUITass 
region 1s very 
stomachel ol 
W el] overlaps 
Culrass ()) 


helmet wit! 


tended to e 


SiUOWS 


figure id untortunat 


signed ) 
ably taken about 


sent 


ot seve ral POSeS 


It is the most 


pieture, 


1900 


complet 


x 


me 


nif 


+ 








FIG. 10, A DRIED INFLATED PORCUPINE 





the wonderful 





shown on a living man 
suit shown in Fig. 1 being from a model. 


DIODON-SKIN HELMETS IN NAURI 


In his book on Nauru previously re- 
ferred to, Hambrueh (1915) expressly 
‘*the spiny skin of the Diodon 


says that 
For an illus 


fish is used for helmets.’’ 
tration, however. he “ives the fivure of 
Group, re 


that from Bonabe, Gilbert 
sinee it is 


produced herein as Fig. 7, 
a better one. Now Nauru, Nawodo or 
Pleasant Island is an upraised coral 
atoll, a solitary outlier about three hun- 
dred miles to the west of the Gilberts. 
It is commonly reckoned as a member 
of this group, to which it belongs polit- 
ically, but it seems to me that to assign 
it thus physically is straining matters 
considerably. The people are, I believe, 
much the same culturally, and it 
probable that they got their idea of 
which is certainly almost identi- 
in- 


is 


armor 
eal with that from the Gilberts 
cluding the Diodon helmet, from these 


islands. However, it seems best to 
record the helmet from Nauru separately 


as is done herein, 
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In the collections 


tory 


met in islands other than th 
their dependency, Nauru 

accuracy of its labeling, lik 
Ie 


labeled simply ‘* Marshall Islan 


rior’ 


FISI 


text 


atid hae me doots id 


i, SI 


DIopDON SKIN 
MARSHALI 


has been 


is taken 


LEN 








IN 





SII 





HELMETS 


iT 
\ 


N 


ISLANDS 






One solitary figure 


found of su 


without 


South Seas missionary. 


trayed a native wearing coconut 


armor reaching only to the waist 


this a euirass and on his he 


helmet of the skin of the poreupll 


This has lappets over the 
back piece covering the nape of t 
That this and other photog 
produced in Alexander’s book 
inals is more than doubtful 


e 


Gy 


ey 


But 


iv 


trom a book by 


Het 


} 
ad 


Cada 


rei 


~ 


straight commercial photographs 


pret 


only, on none 0 


11 James M. 
Paci 


1008 


ace. 


_,** 


first 


However. 


figure 


ed. 


to 


1895 


aif 


e 


save 


Alexander, ‘ 
f 


I 


‘The 


most are copied from other bo 


learn from a general statement 


In 


; 


f the figures Is t 


Is 








\ 
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reference to or acknowledgment 
source. Many are plainly taken 
(‘ook’s and other **\ ovages, Fon 
on the insert plate to lace p 
Wilkes’s figure ‘produces 
as my Fig. 2) of the two Drum 
Island warriors, without indieation 
ures and bearing the 
en \Micronesians ‘im Thi 
leads one to doubt thi accuracy 
sioning this armor to the Marshall 
This doubt is strenethened by 
that in an extensive reading 
of travels in the South Seas no 


nee other than this has ever been 





to armor in the Marshall (rroup. 
s is particularly significant when a 

l search through K rime r (see elta Nauru n 
ns above) reveals no reference to any vO in ti 
t of armor in the Marshalls, although inhabitant 
gives two figures showing this armor 
the Gilberts. Incidentally it may be 


4 


Mi hbad 
ae, 


THE SAME FISH SEEN 
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and have much the same manners and 


customs, still there is no positive ev idene 
as there is for Nauru) that they made 
use of the Diodon helmet They may 


have done so, but it is strange that no 








authentie records have been found 






Hlow THese HetMrets ARE Map 





The puffer, globe or poreupine-fishes 
have the ability to inflate themselves by 
taking in water or air until the stomach 
and indeed the whole body is distended 






5 
4 
ig 





balloon fashion, as may be seen in I 
ures 10 and 11] If killed while dis- 
tended and allowed to dry in this con 
dition, then by cutting off the head 
4 end of the fish, removing the internal 







organs and providing some kind of lin- 





ing (such as may be seen in Fig. 7 





such helmets will be made as are shown 


scales in 





in the various figures. The 





these fishes have been ehanged into long 








thornlike spines 


ordinary condition 


flat on the skin 
inflated with an 


But w 


Cl 


or Watel 





When the 


rt laxed 


out literally like ** quills upon th: 


poreupine”’ and hence giv 


of its trivial name 


] have see the fish 


>>) In 


float alone 


winds and currents 


+ 


‘hat such a helmet of 


with its supporting and 


horny spines is capable of wardin 


at any rate dead 


ening 


S 


; 


<t) 





i)yye 


blows 


those inflicted by the weapons s 
ot be doubts 


the figures, can n 
ever, in addition t 
wearing such a 

relied on to strike 


his opponent In 


he aspect ol 


helmet 
terror 
short. 


Was 


I! 


a 


+ 


s 


must 


mitted that the dried Diodon ski 


a fairly effective 


Islander 


elmet 


; 
i¢ 











SOLLECTING LEAF-MINERS ON BARRO 
COLORADO ISLAND, PANAMA 


By Dr. S. W. FROST 


SPCTLUS Teces 


phy ot Barro ¢ 
sO many haturalist 
r the past few 

“as it IS a the pat] traveled 
is tourists who visit Panam: 
However, tew except the 


t traverse the canal |} 


SCleC] 


snow muel 


island Standley Kenove 


ers have written about its plants 
n concerning 


sand Allee of its ecolog 


rds and ani 


and further 
natural historv have | 


But th 


eel COl 


travele) 





ATLANTIC (aE OF 
OCEAN £@: PANAMA pas 


“ 








PACIFIC OCEAN 








SKETCH OF THE CANAL ZONE, PANAMA 
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obs rved by SO Than put 
sO Tew Warralits some rematl 
Leaf-miners are among 
the plant eating animals 
dom measure more than 
neh in leneth, with a er 
them even 
tropleal speci 


+] i ; ‘ 
nose oOo e cChiperate 


are more numerous and 
( ifferent from those 


north. The abundane 


the tropir forests 18 in 


them. 


The la ue ol thes aT 


tween the upper and lowe 
the leaf, feeding upon the cel 


of the plant. The cavity they 





serves aS a resting ] 








iro rt 
— : - . — 1\ gy Tl W 
FIG. 2. THE PIPERS plying them with 

lone tortuous mines 
OUTSTANDING GROUP OF PLANTS MANY 





SPECIES SHOW THE LONG TORTUOUS 
” ONE OF THE LEPIDOPTERA. Pipe 


smilacifolium FIGURED 


the highway between the Atlantie and 
the Pacifie for centuries. To-day great 
steamships glide by its shores en route 
to all points of the world. Panama and 
Barro Colorado Island have thus become 
easily accessible to all who wish to study 
life in the tropies. 

The writer’s sojourn of four months 
on Barro Colorado Island was directed 
to an intensive study of the leaf-mining 
insects. They are not large, conspicuous 
and at first sight attractive, like trees, 
animals or birds, but when one becomes 
acquainted with them and learns about 
their interesting and highly specialized 
habits, they make up in interest what 
they lack in size. Most ot! the naturalists FIG. 3. SOME MINERS AR 
that have traveled the trails of the UNIVERSALLY PRESEN 
island or in fact any part of the world. operas spectes oF P 











where grasses, shrubs or trees grow have gppw auMost A CHARACTERIS 
noticed the winding galleries or blotches pranr. THe waxy 
produced by these insects upon the glabrescens INVARIABLY SH‘ 


leaves. The fact that they have been SPECIES OF | 





‘TING LEAF-MINERS 





hnined 
, j 
Psuchi j 
pupate 


rom 





This 
premature 
sewed with 
As the two 


a now orm 





LOW-GROWING SENNA shrink, the cas 
* TWIsted tron 
the ground 


rounded hol 





s produce blotch 


still others form 
g between the bloteh 


Fig. D : Many ot the Species 


their pupae or cocoons in the mines 


others cut then Wavy trom 
pupate outside of the le: 
ses from the leaf which are 
er with silk (Figs. 6 and 7 
us beetles, especially the Hispid 
feeding on the leaves bet 
Fig. 4). These are but a 
many habits among leat 
and almost e\ ry observation 
Ss some new or interesting habit 
writer had opportunity of study 
habits of many of these miners 
most intricate and serve even 


nguish different species. The 











cutting out eases for pupation 
m to some moths. beetles and 
nd will illustrate this. 

tain Lepidoptera, still undeter 
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and lowe1 
commences cu 
this area, seve 


lower epi 


revolving 
the geomet 
considerable 


eut trom the 





p ete 
thre 
iavva Is "oR. 
of its body 
from the eu 
erable foree, an 
a long distance 
makes a slight 
strikes agalnst 
chamber 

Leat-miners 
have been UNCONSCIOUS! 
tionalls taken by botanists 

’ 


leetine plants for other pu 


of the mines are so 


PRs | 


FIG. 6. MINERS ARE PARTICULAR £ TT) 
N THEIR HABITS Cae 1 
| l 4 \ (LB , . = Sige WE 


Psyuchotria maraqtnata 


” A LEPIDOPTERA, 


Wow THI 


Another species, a beetle. Pachy- 
schelus atroviridis Fisher, mining on 
Serjania, cuts its case in a very different FIG. 7. A LEGUMINOUS 
manner (Fig. 7). The larva makes a SERJANIA 
rather broad linear or blotch mine and = opows commonty ON THI 
when ready to pupate cuts a eireular EQUALLY AS COMMON TO FID 
ease at the end of its mine. As before. BEETLE Pachyschelus tre 
a clear round area is mined, the larva’ Leaves. THE EN! 
removing all the cells between the upper 
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Operations 
area ub 
mvzidae 

These Two 


ng on the 





(‘olorado Isl; 

tera wert 

he species 

and Marmara were espee 

Marmara was found on various 

and upon the fruits of the passion flowe) 


The beetles Coleoptera came next 


importance, and of these the Hisp 


were most CONSDICUOUS These heet 


wert olten collected along The Sn 


trails espec ali where a little of the 











CLIMBING FIGS FORMED afternoon’s sun trickled through 
NATURAL LADDERS jungle. Several species of Buprestidas 
OMOLOGIST TO REACH i SO] were reared as leaf-miners Pachy 


rALI 





ld be difficult to secure a specimen of 
plant without also taking specimens 
the mines. The work of these miners 
s even crept into the publications of 
nists. In the temperate climate, 
ere columbine grows, one invariably 
ds the mines of an Agromyzid. The 





ear mines of this species are almost as 
racteristie as the plant. Likewise, on 
barre Colorado Island, the waxy leaves 
Vacrocnemum glabrescens Fig. 3) 
the biparted leaves of Cassia bacillaris 
Pigs. 4 and 5) are sure to reveal the 
racteristie operations of their miners. 
Sometimes 100 per cent. of the leaves of 
former striking shrub or tree may be 
tested with the larvae of a small moth. 
ey prefer to mine the voung unfolding 
ves, and tenanted mines can seldom be 





ind on the older leaves. Later each 





'va forms a cocoon at the end of the FIG. 9. AROIDS SOMETIMES GREW 
ine, folding the leaf slightly at this coNVENIENTLY UPON STONES OR MIGHT BI 


nt 


Cassia was frequently attacked TAINED FROM FALLEN TREES 
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sche lus atrov ridis, a sma bluish Colored 
beetle, was somewhat common and was 


frequently seen ovipositing upon the 


eaves of its favorite food plant, sel 
jania. A few thes (Agromyzidae) wer 
reared from plants that were abundant 
in the more open, sunny and_= grass) 
places on the island. 

There were many conditions that ma 
the study of leaf-miners most inte} 
ing. It was the writer's first trip 
tropes, and not only were the insect 
new to him, but the birds, plants and 
animals were all strange, and at first le 
found himself somewhat lost in his new 
surroundings. In the course of a few 
days, however, certain plants and miners 
became familiar although their names 
were often still unknown. This trip was 
of special interest because no previous 
worker has gone to the tropics to make 
a particular study of leaf-miners. It is 
true that many entomologists have col 
leeted insects in Panama and some even 
upon Barro Colorado Island, but their 
interests were not devoted primarily to 
leaf-mining insects. In their efforts they 
collected a good many ot these insects, 
but too often the adults were acquired 
with no knowledge of the plant on which 
they fed or bred. Often small specimens 
of the plant were brought back which 
were too meager to be correctly deter- 
mined. The writer therefor made an 
effort not only to collect the adults but 
also to seeure all possible information 
econeerning their habits and to obtain a 
fair portion of the plant on which they 
were mining or feeding. The mines were 
gathered with the larvae or grubs at 
work in the leaves. These were placed in 
suitable rearing or breeding jars and 
left until the adults emerged, when they 
were immediately pinned. Eggs, larvae 
and pupae, when possible, were pre 
served, drawings were made of the dif- 
ferent types of mines and leaves were 
pre ssed represt nting the plant as well as 
the mines. Such collections meant not 


only the 

those of a botanist as we 

was econtronted with 

problems of both spee 
The leaf-mining stu 


fore at ‘s diftieult 


trees and shrubs 


} 


OW-2ZTOWILNG 


Zone become snrut 


pies, Mereasing 

t the difficulty | 
foliage he vond reach Ti 
mens of adult insects 
levels as even more diffi 
leecting the leaves It was 
see a desired insect flying 
reach. Recent fallen trees 
figs, forming natura 


The ¢ imbing rons and 


helped to reach the tops 
] 


of shinnying also helped at 
sometimes after all this eff 
placing the insects in reat 
waiting several days for 
emerge, one found that thi 


parasitized and his labors w 


Qn rare occasions ants gain 


to the rearing jars and 
heads of the prized nsects 
less to the taxonomist. | 
of fungus frequently tw 
celium about the antennas 
the specimens, which was qu 
to the entomologist. 

It has been stated that 
seven hundred seed plants 
oceur on Barro Colorado Is 
evident that a large numl 
have their miners. Nearlh 
dred plants were collected 
bearing the mines of insects 
kindly determined by D1 
ley. Judging from this 
to say that about 70 per 
plants are attacked by 


; 


should be remembered th: 


attack several species of pla 


them in other ways, rendering 
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the other hand, certain plants are mined 
by several species of insects. Such con- 
ditions obtain in the temperature regions 
and possibly to a larger degree in the 
Among the ferns only the 
Polypodiaceae are known to harbor 
mines, while the oaks of the temperate 
zone have over fifty species attacking 
their leaves. 

The size of the leaves and the abun- 
dance of the foliage are favorable for 
leaf-miner development. Fifty speci- 
mens of a species of Marmara were taken 
from a single blade of a large-leaved 
aroid. Compare this with the clover of 
the temperate zone where usually a sin- 
gle miner occurs on a leaflet. Kenoyer 


or 7 we 
ropics. 


has stated that a given area in the trop- 
ies will support twice the number of 
species of plants as a similar area in the 
temperate climate. This means a greater 
range of plants for the leaf-miners. 


Un- 
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like many insects leaf-miners seem to be 
very active even during the dry season. 

Barro Colorado Island, at 
eastern portion, does not present a vir- 
gin forest as it was touched by civiliza- 
tion in the early days. 
such as banana and pineapple, 
introduced and planted on the island, 
but it is doubtful whether 
mining species have 
Care must always be taken in this re- 
spect, for leaf-miners are 


least in its 


Some plants, 
have been 
any leaf- 
been introduced. 
readily intro- 
duced on plants bearing leaves. Barro 
Colorado Island certainly affords an ex- 
cellent, tropical, rain-drenched 
for studying leaf-mining insects, and the 
writer was surprised at the great abun- 
If it is true that 
the plants of the island have not been 
fully exploited then the subject of leaf- 
miners has been but scratched upon the 
surface. 


fc rest 


dance of these species. 
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I 

Facts concerning the nature of the 
physical world grow many and fast in 
the jungle of modern science. There are 
a few trails, some known to lead only to 
more bewildering depths, others that 
seem to reach the edge of the tangle and 
the light. The scientist can not be sure 
of what he the end of an 
outbound trail because he is a dweller of 
the thickets and his sight is poor. More 
than once, while peering out, new facts 
have sprouted around him before he had 
focused clearly on the far horizons. He 
ean not be sure that what he saw was 
not a dream of his own fabrication. 


sees at 


And yet, despite his misgivings, he has 
seen strange things at the ends of several 


trails. So consistent with each other 
were the things he saw, he believes that 
perhaps he has really had a glimpse of 
the larger world outside. 

Among other things, the scientist 
thinks he has seen a turning in the long 
lane of infinity. He thinks he has seen 
certain boundaries to the universe of 
space and time. And he detects a defi- 
nite order of movement in the vast pro- 
cession of forms and events which gath- 
ered behind the fog-banks of the past 
and has been slowly marching toward 
the mist-veiled future. The concept of 
evolution has grown in nearly every 
branch of natural science, and with it 
the belief that evolution, whether of an 
atom, a man, a planet or a star, travels 
along definite lines. That these lines are 
not straight but decidedly curved, and 
in some cases nearly circular, is one of 
the most inclusive and significant gen- 
eralizations in the modern conception of 
the material world. 
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The cyclical recurrence of certair 
ural phenomena has long been app 
Day and night, summer and wint: 
phases of the moon are the most ol 
and consequently were the « 
cyclical phenomena to 
Such relatively simple cycles must 
been in the mind of Tacitus wher 
said, ‘‘In all things there is a ki 
law of cycles.’’ With the discover) 
the perfecting of 
obseure celestial cycles, such as th 
lutions of the planets around the sun 
were observed. Finally, with the g1 
of modern science, the concept of 
was expanded to include not onl; 
revolutions of objects in space | 
their evolutions in time. If modern 
liked curves as well as straight lines a 
angles, it might depict on its canvas t 
views of modern science concerning t! 
dynamic universe. In the picture w 
be countless circles, ellipses, spirals : 
ares, the larger embracing the sn 
a separate line for each phenomenot | a 
Along its proper curve, the moder there 
equivalent of destiny, each entity 
els its plotted course. 

The history of astronomy illus' 
the growth of the concept of cy 
Copernicus, by proving that the | 
move about the sun in subcircular or! 
opened the road for subsequent investl-  whiel 
gations into the vagaries of celes! existence 
bodies. To-day there is a growing belie! thich 
that such bodies not only travel along timaey o 
curves but also evolve in cycles. Stars rigin f 
for example, fall into color groups whi blocks of 
grade imperceptibly from red, throug! With» 
yellow to bluish white, apparently in th: and later 
order of increasing temperature. Many element 
astronomers believe that stars origina the evoly 

discover; 


1 ’ 
pe ODS 


the telescope : 


ught 


perimen 
lemonst 


ments iy 


P 


ellow tinge 


S 
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gigantic whirls of highly attenu- 
1 gas. Under the strange pull of 
ty the gas particles are drawn to- 

temperature increases with an 
ise of friction, and the young star 


red. With continued contraction 


‘cient heat is generated to impart a 


to the maturing star. 
ntually adulthood is reached and the 
r shines blue-white in the intensity of 
eat. A decline follows wherein con- 
tion continues but heat is dissipated. 
e star reverses the order of its color 


nges, returns through yellow to red, 
nd completes the eycle of its evolution. 


ding to the theory, every star in 


‘he firmament lies in some stage of this 


le. The old red star is far denser 


nd smaller than the young red star, so 
that the evolution does not proceed in a 


fect eirele. It does, however, lead 
star in old age to a condition which 
ears to be similar in many ways to 


the condition of its youth. 


Ue 


olution. 


II 
rtain modern views in the science of 
mistry support this concept of stellar 
Although the dominating be- 


ef of the nineteenth century was that 


| matter is composed of rigid units, 


there were philosophical chemists who 


periment. 


ught that the apparent stolidity of 
chemical elements was merely the 


sult of imperfect observation and ex- 


Mendeleef had brilliantly 


lemonstrated the relationship of the ele- 
ments in his ‘‘periodie law,’’ by means 


existence of three unknown 
which were later discovered. 


which he was able to prophesy the 
elements 
This in- 


macy of relationship argued a common 
mgm for the fundamental building- 
locks of the material world. 


With the discovery of radioactivity 


and later of radium, the instability of an 
“ement was actually observed. When 
te evolution of helium from lead was 
uscovered, science finally had demon- 
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strable proof of the transmutation of or 
element into another. 
of the heavyweights of 
world, thorium uranium, 
that those elements suffer a 

disintegration resulti 
thirty 
widely in their properties 


Subsequent study 
the physical 
and proved 
ting in 
th 


and 


different substances 
tinctly different from their parents. 
was learned that two new kinds of 
existed, one derived from the decay 
thorium, the other 
uranium, each « 
and from normal lead in atomie we 
and specific Thus the doctrine 
of evolution he , 
matter began p into the 


from the 


’ 
aecay 


liffering from the ot 


gravity. 


among t very 


TO see 
chemistry even as parallel | 
plants and animals hac 


and | the 


garding 
entered 
biology. 

It is too early to know just how fa1 
the disintegrative the 
heavy, complex radioactive elements is 


OSSE ssed Science 


evolution oft 


true of the lighter, simpler elements. It 


is clear, however, that the st 
any substance is relative to the tempera- 
ture, pressure and chemical 
under which it exists. 
shows a distinct correlation between the 
color and the chemical make-up of sta 
so that there appears to be a parallelism 


ability of 


conditions 


The spect roscorne 
rs 


between the evolution of a star and the 
evolution of the materials of which it is 
constituted. The hottest stars seem to be 
composed of the simplest, lightest and 
most stable elements, chiefly hydrogen 
and helium, whereas the cooler stars con 
tain more of the complex, heavier and 
less stable elements. Despite the multi- 
plicity of factors and the probability 
that other solar systems have quite dif- 
ferent combinations of materials from 
our own, it seems likely that on any cool- 
ing star there must be a consequent evo- 
lution of the elements. 

A clock that is not wound up runs 
down. Cooling stars are clocks that are 
running down, and unless rewound they 
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are destined to pass into dark dead 
bodies of which there are probably many 
in the universe. The fact that they are 
running down is sufficient proof that 
they were once wound up. A more 
graphic proof is the phenomenon of the 
novae, insignificant stars that suddenly 
flash into great brilliance and after a 
short time fade out to their former dim- 
ness. Whatever may cause the sudden 
flaring of these ‘‘new stars,’’ they show 
to the telescope a rapid stellar evolution 
from cool to hot to cool. To the spectro- 
scope they show a parallel evolution of 
their chemical elements from complex to 
simple to complex. 

Some scientists believe that the phe- 
nomenon of novae presents a rapid 
epitome of the basie cycle of evolution 
in the whole stellar universe. Stars 
evolve from relatively cool diffuse nebu- 
lae to white-hot stars, then return to 
relatively cool compact stars and finally 
to cold dead stars and planets. This 


eycle from cool to hot to cold is paral- 
leled by a chemical evolution from com- 


plex to simple to very complex. Modern 
science has not accepted this view with- 
out reservations, but it is converging 
along several roads to a belief in an 
evolutionary movement of matter 
through space and time, a movement in 
a rude cycle which returns materials 
after wide variation to conditions of 
their past. 


III 


Man’s chief interests are rooted in the 
earth, and we do not have to leave the 
surface of our own planet to see a va- 
riety of evolutionary cycles. Many of 
the processes by which the earth has 
been molded have curved through time 
with untiring repetition. Whatever our 
guess as to the pregeological stages of 
earth history, we have a tangible record 
of later events in the rocks. Locked 
within them are several hundred million 
years of history. Part of their story has 
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already been recovered, and it is a 
of cycles. 

The oldest rocks undoubted]; 
gealed from a liquid not unlike th 
that pour from the mouths of activ: 
eanoes. We have no record of ¢] 
oldest rocks because they are buri 
beneath younger formations, but wi 


have rocks of the same genre formed a: 


a later date. These are the ign 
rocks of many places and ages, the 
primitive of all rock types. 


on earth have been found in this kind 0; 
rock. The elements combine in intricat 
unions to form a large number of 1 
varieties. Only a few of the element 
occur in any great quantity. Oxyg 


silicon, aluminum, iron, calcium, magne- 


sium, sodium and potassium constitut 
nearly all the earth’s substance. T 


last seven are usually combined with 


oxygen in a chemical partnership ca 
an oxide, a few of which are among t 
most abundant substances in ro 
Most of the oxides are basic, but 
commonest one, silicon dioxide, is a 
The result is that the basic oxides 
alumina, iron, lime, magnesia, soda 
potash combine with the acid silica t 
form a variety of silicate compounds. A 
few of these, as in the case of the oxides 
predominate. The common oxides 
silicates assume many different mineral 
forms, but here again only a few pre- 
dominate. So it is that when an ign 
rock freezes from its parent liquid, 4 
selective process works, first on 
chemical elements, then on their oxides 
and silicates and finally on the minera’s 
The result is that certain chemical co 
binations in certain mineral forms | 
come of prime importance. 

Rocks so constituted are the parents 
all other rocks. Exposed at the surfa 7 
of the earth, they suffer the attack 
the physical instruments of destruct 
an army in whose ranks march such © 
doubtable warriors as frost, wind, mov 





Nearly 
the ninety-odd chemical elements known 


separa 
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nifiean’ 
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ing ice and running water. With these 
ome the insidious gentlemen of the 
secret service, the chemical instruments 
decay, weakening the rocks from 
within by solution, hydration, carbona- 
tion and oxidation so that they may be 
more easily blasted from without. No 
rock can forever withstand such an at- 
‘k, The forees of geologic destruction 
lo not know defeat. 
The products resulting from the dis- 
ruption of the igneous rocks are scat- 
red far and wide. Some find rest on 
he surface of the land as loose earth and 
gravel, a mantle for the bony framework 
‘ the continents. Some are carried as 
mud, sand and gravel to lakes and ocean 
Here they are dropped, usually 
layers. During transportation the 
nineral and rock particles are _ re- 
arranged according to weight and size so 
that the resulting deposits are in many 
ses well sorted, the heavy materials 
separated from the light and the coarse 
from the fine. Such rock waste, whether 
f land or sea, may later be compacted 
and cemented into a new rock type, the 
vdimentary rocks so widely exhibited at 
the surface of the earth. 
The chemical processes involved in the 


pasins. 


nificant as the physical. The complex 
silicates of the mother rocks are rather 
generally reduced to simpler compounds. 
The oxides and silicates of aluminum 
become deposits of clay and silt; much 
{the ealeium and magnesium contrib- 
utes to the formation of limestone and 
dolomite; the iron oxides become iron 
leposits or are scattered widely as color- 
ing pigments in a variety of rocks; the 
sdium and potassium oxides are for the 
most part dissolved and held in sea- 
water. The silicon dioxide, in the form 
f the mineral quartz, is the most resis- 
‘ant constituent of the parent igneous 
rocks. It survives chemically unchanged 
msand and gravel deposits. 

Nature is not content with forming 
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simple sedimentary rocks from complex 
igneous rocks. She tires of simplicity. 
She may pour hot lavas over the uncon- 
mantle, 


‘ 
} 


solidated clays and gravels of the 
causing the particles to weld together 
and compounds to develop 
may hot liquid rock to sq 
between the sheets of sedimentary forma- 


She 


new 


nueezt 


cause 
and partially r 
She may buckle 


alter 


tions, baking 
ing them. 
rocks and profoundly 
all Thus do 


morphie rocks arise t] Iteration 


rocks involved 
from the 
of preexisting formations. Intensity of 
the metamorphic process destroys the 
characteristic simplicity of sedimentary 
rocks. Complex silicates grow from the 
impurities in limestones and d 
The in 
firmly fused. 
into aggregates of highly complex sili- 


] +4 
LOmMmIItes 


sand sandstones are 


Shale 


grains of 


rocks are conv rted 


cates. 
Metamorphism is 
process of crystallization and very sim- 


fundamentally a 


lar to the process whereby the igneous 
rocks were originally born from a mother 
liquid. When sedimentary rocks are 
subjected to great heat pressure 
they are often sufficiently altered as to 


Thus the cycle 


and 


resemble igneous rocks. 
rock evolution is completed ; 
changes the of the 
earth’s crust have returned to their 
original condition. Not but in- 
numerable times has this round of events 
been enacted in earth history. 


of after 
many materials 


onee 


IV 


Not only the substance of the earth 
but also the expressions on her face pass 
through repeated cycles of change. The 
concept of erosion cycles is perhaps the 
greatest contribution of American physi- 
ographers to earth science. It has long 
been known that rivers change the ap- 
pearance of the lands, but not until 
comparatively recently has science recog- 
nized the orderly cycle of change result- 
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ing from the long-continued activity of 
rivers in any given locality. 

Streams, like men, pass through 
stages of infancy, youth, maturity and 
old age. In infancy a stream is short 
and steep, and flows in an infant valley, 
a guily or a ravine. The valley grows 
longer, wider and deeper with gaining 
age until youth is reached. The divides 
between youthful valleys are broad, but 
the valleys themselves are relatively 
narrow. The streams flow vigorously, in 
many cases with waterfalls and rapids. 
Much of their work lies before them. 
The country they drain is also youthful 
because it is destined to be profoundly 
altered before the streams grow old. 
With maturity the young streams be- 
come longer, their gradients more gen- 
tle, their valleys wider. Tributaries 
increase in size and number to form a 
branching pattern over the land. The 
country is reduced from the smooth up- 
land of youth to a group of irregular 
hills and ridges. With time the gradi- 
ents of the streams approach nearer and 
nearer the horizontal, until the water 
flows in sluggish meanders through low, 
wide valleys separated by low divides. 
The streams and the land have grown 
old. 

Like the march of a man from infancy 
to senility, rivers and the lands they 
drain do not return to the exact condi- 
tion of their youth. Although the cycle 
is not perfect, the old age of a river- 
earved terrain is remarkably reminiscent 
of youth. Both are relatively flat and 
smooth; both are characterized by few 
main streams and many undrained lakes 
and marshes. Death never follows old 
age in the erosion cycle because, before 
rivers have reduced their lands to sea- 
level so that marine water can creep in 
and drown the country, they lose their 
power to cut away any more material, 
and turn instead to building up the re- 
gion which for so long they have labored 
to destroy. Seldom, in fact, is a region 


allowed to advance unhesitating], 
infancy to old age, because eart!] 
ments continually change the 


of rivers, s 


teepening and reju 


some, flattening and premature); 
others. Although the cycle is 
completed, although some parts 


peated and 


others are eliminat: 


tendency to a rotatory seque 
change is present in the rivers a? 
lands to-day just as it has always | 
present since the earth possess 
atmosphere to furnish the necessary 
and running water. 


Not only 


V 


the substance of t! 


and the expression on her face | 
the deep-seated changes in | 


which cont1 


‘ol the major events 


history seem to adhere to a cyclica 
tern. Even the casual observer « 
features can see that many form 


now crump 


led and broken wer: 


flat and continuous. Measurements 


the rocks of 


the Alps show a short 


of more than one hundred miles 

earth’s circumference. In man) 

places the circumference has been 
siderably shortened so that the 


tion is that 
wise been 

points to a 
globe throu 


the diameter must ha 
shortened. Such ev 
progressive shrinkag 
gh time. For many 


the accepted explanation of this s 
age was cooling and consequent « 


tion of the 


deep interior of the earth. But 
no longer seems an adequate caus 


such a great 


to have occurred. Besides, it is! 


contraction as is now k1 


y 


tain that the earth has been cooling 
creasing knowledge of radioactivity 


led some se 


ientists to believe that 


haps the earth has actually gained ! 
heat through the disintegration 
stable elements than she has lost t 


radiation. 


In the face of modern kno" 
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edge the scientist must look to the tre- 

ndous pressures in the deep interior 
as the prime cause of shrinkage. Under 
these pressures materials may well un- 
lergo progressive molecular rearrange- 
ments which result in new compounds of 
ereater density and less volume. Thus 
43 age has crept upon her the earth has 
crown heavier and smaller. 

But she does not yield easily to the 
stresses Within her. The study of earth- 
quake waves has shown that the body of 
the globe is in a state of elastic rigidity, 

1 resists the forces which are 
struggling to decrease her volume. So 
mmrelenting and powerful, however, are 

forces of concentration that they 
periodically overcome the _ inherent 
strength of the earth and throw the sur- 
ye into wrinkles. The yielding of sur- 
face formations has proceeded through 
time in a sort of vicious cycle, epochs of 
alternating with epochs of 
surrender. The recognition of this 
evele is the basis for the division of re- 
orded time into the geological eras. 
Each era is set off by a world-wide 
weakening and yielding of the crust to 
the stresses of shrinkage. Smaller time 
divisions are demarked in similar fashion 
by less intense and less wide-spread con- 


ever 


resistance 


vulsions. 

The forees of erosion, by leveling lands 
and fillmg ocean troughs, have forever 
striven to reduce the irregularities of the 
earth’s surface to flatness. Earth more- 
ments have periodically thwarted erosion 
by erumpling and elevating rocks in 
weak zones. Earth history has been a 
long struggle between these two con- 
tenders, the pendulum of success swing- 
ing now toward one, now toward the 
Since the earth yields only 
periodically to the stresses of shrinkage, 
there are long intervals when erosion can 
juietly pursue its destructive work. 
Slowly the rains and the rivers, the 
winds and the glaciers, remove the rocks 
from high places and deposit them in the 


other, 
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depressions; slowly the spreading seas 
creep over the lands. 4 
were allowed 
finish, the earth 

perfect sphere and a universal 
would swallow al 


. . 
the process 


to proceed to its logical 
would become 

l the lands. But always 
before this happens, surface irregulari- 
ties are renewed by earth movement 
only to be destroyed again by the eros 
that always folk Thus has earth his- 


tory turned through the eons over a cycle 


WS, 


monotonous in its repetition 


In the world of the li 

myriad creatures and their myr 
tions, one process dominates and ¢ 
lates all. That 
Eating, growing, reproducing and dy1 


ifé offers to most plant 


process is nul 


are all that 
‘ ; al — ar . ~~) } 
animals, and these are merely th 


the results and the failure of 


In the so-called ‘‘cireulation of matter’’ 


we see the most pervasive cycle in ani- 
mate nature. be long 
and involve many organisms, or it may 


This cycle may 
be short and involve only a few. Long 
sort 
Not 
even death can remove an organism from 
its fated curve. 

Only a few of the many chemical ele- 


or short, a nutritive cycle of some 


embraces every living creature. 


ments in the earth are needed for proto- 
living 


1) 


plasm, the basic substance of all 
tissue. These chosen materials are for- 
ever moving through the bodies of plants 
and animals. Most plants can take them 
directly from the and the 
phere, but most animals must steal them 
from the vegetable kingdom. So it is 
that plants eat soil and air, animals eat 
plants, higher animals eat lower animals, 
whereupon perhaps death intervenes to 
reverse the order of eve nts. Seavel ging 
lower animals may eat the bodies of the 


soil atmos- 


higher animals and regain some of the 
substance once stolen from their kind. 
They in turn may die and return the 
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materials to the dead world of soil and There is abundant indication that th 
atmosphere whence first they sprang. cycle through which the lives of indi. 
However long and varied the cycle may vidual organisms are conducted stretches 
be, dust returns to dust and life to life. beyond the individual to include the rac: 

Every individual plant and animal Haeckel and Hyatt called attention 
passes through a smaller cycle of de- the fact that the changes undergone by 
velopment during its lifetime. The seed plants and animals during their ea: ' 
of a tree falls to the ground and begins ives are brief summaries of the e\ 
to germinate. It absorbs moisture, tionary history of the race to which ¢ 
swells and bursts. It sends out roots to jndividual belongs. This idea oi 
anchor itself firmly in the soil and then capitulation of biologie history is o1 
lifts stem and leaves to the air and the 4), great generalizations in ies bates 
light. Until this stage the young tree 
lives on the food provided by its parent 
just as the embryonic mammal lives 
through its prenatal development. 

Soon the plant begins to manufacture 
its own food with the aid of sunlight, air, 
soil and the green coloring matter of its 
stem and leaves. It grows rapidly and 
passes through seedling and sapling 
stages until adulthood is reached. These 
stages are comparable to infancy and 
adolescence in animals. Both plant and 
animal are mature when reproduction 
begins. In the tree reproduction results 
from the ability to accumulate a reserve 
of food above its individual needs, so 
that some of the buds produce flowers 
instead of leaves. These flowers contain 
reproductive spores which develop male 
and female sex cells. Wind or insects 
effect the fertilization of the female cell, : ; , 2 
which begins to grow at once until it be- not give true pictures of the lives of their 
comes a seed capsule containing all the "mote ancestors. 
essentials for a new tree. Finally the On the whole, however, and in 
seed, containing food for the hazardous broad way, developing plants and a 
first days of the new life, drops to the mals summarize the outstanding event 
ground where it begins its independent in their evolution. The common ir 
existence. Although the eycle is not comes from a fertilized egg which di- 
perfect because return is made to a dif- Vides and grows into a gill-breathi 5 
ferent seed, the sequence of conditions is tadpole. Later the tadpole grows hi 
a perfect cycle. The offspring seed and legs and fore legs, absorbs his tail and h 
all successive stages are identical with gills and becomes a mature lung-breath- 
the parent seed and its successive stages ing amphibian. Since these are t 
of development. In some such way has rather well-known stages in the evou- 
life in all its forms rolled through the tion of the frog from fish-like ancestors 
ages. it is apparent that every living frog, ™ 


of paleontology. 

The racial history of almost any 
ture has been a vastly longer and m 
intricate chain of evolving stages than is 
the life history of even the most comp! 
eated individual. Naturally all 
events of millions of years can not bh 
summarized during the brief span of | 
lifetime. Even in the best examples 
recapitulation, only a few of th 
standing events are reenacted. In many 
creatures the racial history is distorte 
because of the speed with which it must 
be told in the rapidly growing indi 
vidual. In six days the oyster presents 
a résumé of its several million years « 
racial history. Many stages are neces- 
sarily omitted. Then, too, some crea 
tures have been so altered by rec 
adaptations that their life histories d 
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he words of Huxley, climbs his ancestral 


If the early life of an organism tells 
main events in its climb out of the 
does not the later life prophesy the 
iestiny of the race? Are maturity, 
nility and death the inevitable dénoue- 
nt for race as well as individual? The 
sleontologist, who knows some of the 
rets of the past, must answer in the 

“rmative. He sees in the fossil record 
rise and fall of races, and he knows 

t races too have their stages of youth, 

*, old age and death. The only 


rence is that the racial cycle may be 


ry long, and the individual cycle is 
ually very short. 

The desire to get somewhere is deeply 
ted in the human heart, and progress 
is a word often on the lips of civilized 
man. But it is a word of numberless 
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meanings because it refers to changes 
which may seem desirable to some but 
not to others. The concept of progress 
is underlain by that other concept of des- 
tination. 
gles, hopes and fears, where he fan 
will find peace. 
pomorphie concepts 


Nature has an entirely different point of 


Man wants ends for his strug 


gut these are an 


born of 


still the ultimate 


nature is 


her Ci 


view and 
ruler of 
which even remot 


ildren. In all things 


ly touch th 


ie al 
men she is infinite and timeless. She has 
imposed a cyclical pattern upon the uni- 
verse, whereunder all things are charged 
never to arrive. It 
fret. He had much 


his curve in the spirit of 


to go forever, but 
avails man little to 
better travel 
little children on a merry-go round, who 
enjoy the ride though it takes them no- 
where. 





THE CONFLICT OF SCIENCE AND ART 


By Dr. ROGERS D. RUSK 


DEPARTMENT OF PHYSICS, MOUNT HOLYOKE COLLEGE 


WE are told that the world is to-day day civilization carries a_ stagger) 
in a transition period and that we must burden of superstition and dogma 
feverishly seek new landmarks along all much as it has been reduced in t! 
lines of progress before the old ones few decades, will persist entirely 
vanish completely if they have not long. 
already done so. But this is one of those It can searcely be expected that ¢ 
half truths which are too often accepted business principles be applied to : 
whole or rejected whole. The joker lies as strongly tinged with emotion 
in the fact that in the history of the  timent as art and religion. Good by 
world each period is a transition period ness demands that when a thing is yw 
growing out of the one just previous. It out it be cast aside in the interest 
is always possible to picture the periods’ efficient management. Sentiment 
of slow development as transitions be- emotion often demand that it be blind) 
tween those of great development, but it clung to long after its usefulness is | 
is much more to our liking, however, to The head of a large new el 
picture the periods of rapid development plant recently stated that in 
as transitions between those of lesser seven years the machinery and n 
progress because man does not like to of operation in his plant would b 
emphasize the stupidity of the human ete. This is a shock to the imagi: 
animal in his more sluggish moments. because most people have an 
The fact remains that the future grows preference for long life periods 
out of the past, and no matter how likes to imagine his political party r 
rapid this growth, the old landmarks maining in power indefinitely, his | 
always have lasted long enough to get mower lasting him the rest of | 
us from one period to the next. Indeed, and his favorite brand of cigars 1 
they have often lasted entirely too long. ing an even and unvarying flavor 

It took the genius of a Galileo to over- even likes to think of some pern 
throw the ill-conceived idea of Aristotle within himself which indefinitely 
that heavy bodies fall faster than lighter vives death and decay. Howe, 
ones, an idea which had persisted for may be, the world owes Bergson, ! 
nearly twenty centuries. It took the ing Heraclitus of old, a generous 
strength of a Martin Luther to over- for putting emphasis on the dy: 
throw the prevalent church ideal of rather than the stetic side of lif 
secular power and reelevate it toa more the fact that life itself is a pr = 
democratic spiritual level—a thing ac- never-ceasing change, and the truth 0 — 
complished, it is interesting to note, by such a concept is growing increasing’y - 
‘*heresies,’’ which, by the way, are apparent. syllo 
among the most common tools of prog- Though to the average man 4 a 
ress. It took the horrors of a French variations of his daily route # a 
Revolution to overthrow established usually annoying irvitations, of | wise 
modes of government together with dead has indeed come to fuccept some of thes aa 
classical artistic and literary forms fluctuations and digturbances as nec’ ey 
which had been outgrown, and even to- sary evils. The automobile with 
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many uncertainties has helped in the 
nversion. However, the automobile is 
, product of physical science, and it is 

:rgely due to the sweeping progress of 
nhysieal science, and to a slightly lesser 
di gree biological science, that the world 

to-day owes its recognition of the 
.ontinual flux of life and also owes the 
ttendant intellectual unrest which is 

t in the field of art no less than else- 
where, and has even spread its influence 
to those realms of greatest inertia, the 
moral and the religious. 

The sciences have thrown down the 
eauntlet to the rest of the world in the 
matter of intellectual house-cleaning 
ind in the rapid replacement not only 
f worn parts but worn ideas and dog- 
mas. This itself is in no essential con- 
flict with the world of art. Art has 
always tried to be progressive even in 
its weaker moments, but progress in art 
s made with less of surety than in 
science—witness, for example, the empty 
technical embellishments which followed 
the Renaissance, the Pre-Raphaelite 
movement which sought to make prog- 
ress forward by turning backward and 
trying to recapture the outlook of the 
primitive, or witness the meaningless 
vagaries of some of the extremists of 
our own unesthetic era. The conflict 
lies in the fact that science progresses 
by logie while art does not. Once a law 
f nature is formulated it is tested by 
the deductive method of Aristotle’s 
syllogism, but no syllogistic test of its 
basic merits could have determined that 
Boston should refuse the Dancing Bac- 
chante of MacMonnies or that Barnard’s 
Lineoln was too realistic for London. A 
work of art does not submit itself to the 
syllogism. 

To go back to the time of Leonardo 
da Vinei, one sees a great artist and a 
great scientist combined in one. The 
strength of his delineation of the human 
body was due partly to his scientific 
study of anatomy, but anatomy was then 
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a new field. There were no treatises on 
anatomy for art 
to-day, and 


would perhaps care to study over si 


students as there are 
idents 
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to-day few art stt 
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and science in a very real sense have 
parted company since the time of Leo 
nardo, and there are perhaps none to 
day who can qualify both as great artists 
and time 
But this does not mean in the least that 


an inseparable wall has grown up be 


great scientists at the same 


tween the two. There is more science in 
art to-day than ever before and likewis 
more art high level of 
modern individual lizat 


specialization bars 
the way of even the superman to equal 


in science. The 


achievement in each, but it was 
easier in the history of the world to bor 
row and lend ideas between them. When 
the early Italian painter mixed his colors 
When Ben 


desperation 


never 


he was his chemist. 
venuto Cellini in 


the melting-point of the molten metal 


own 


reduced 


for his Perseus by casting in his pewter 
dishes he was acting as his own physicist. 
But to-day the rich wealth of materials 
and technical skill of any field is open 
to any other. and art 
parted company not in the sense of the 
they 


Science have 
interchange of ideas but because 
represent two distinct types of. speciali- 
zation, distinct in subject-matter and 
distinct in method. 
Physical science in 
risen to such a pinnacle that its methods 
and many 
understood only by the man especially 
trained to understand the mathematical 
symbols involved, as for example, the 
relativity. 


particular has 


of its results, even, can be 


recent Einstein theory of 
The average college graduate is little 
better off in trying to fathom these Ein- 
steinian abstrusities without first learn- 
ing the language involved than a Sioux 
Indian trying to communicate with 
Mars. Only in such instances as the 
invention of the radio are the results of 


abstract science made generally intel- 
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ligible because of the intimate contact 
with daily life, and even then the god 
of the machine is usually a dark mys- 
tery. Fortunately it is not necessary to 
serve an apprenticeship in an electrical 
laboratory in order to use a radio 
profitably, nor is it necessary to know 
all about the technical background of 
implements and methods in order to 
appreciate a finished sculpture or paint- 
ing. The single necessary condition is 
that both make intimate and direct con- 
tacts with life. No matter how these 
contacts are achieved they must be pres- 
ent, and the fact that in science they are 
achieved in a roundabout way by means 
of a complicated symbolism is no reason 
at all why they should or could be ob- 
tained in art by the same method. 

The recent tendency toward an ex- 
treme symbolism in art is an unfortunate 
appropriation from the realm of phys- 
ical science. The symbolism of early 
Christian art, which developed from a 
set of secret symbols used to protect 
Christian worshipers, is another matter. 
In later Christian art symbols were more 
artificially formed, as, for instance, the 
rules established by the Spaniard 
Pacheco sometime after the year 1617 
for the representation of the Immaculate 
Conception with the Virgin clad in white 
with hands folded, crowned with a ring 
of twelve stars about her head, and 
standing above the moon whose prongs 
were supposed to be turned downward. 
But such symbols came to represent a 
common language. When expression- 
ists, futurists or what-nots make use of 
a strange and unfamiliar symbolism 
they defeat their own aims, if perchance 
they have aims other than the complete 
mystification of the public and the hood- 
winking of a few of the more gullible 
eritics. To understand such a produc- 
tion one must be versed in the artist’s 
own individual symbolism, not as in the 
ease of physical science in a uniform 
mathematical symbolism common to stu- 
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dents everywhere in all countries. By; 
“Js this the aim of art? And what js 
there to keep such an individual sy; 
bolism from running wild? Near 
Canadian border it may or may 1 
a violation of law to take a drink 
liquor, but two times two is four 
matter where one stands. The lay 
mathematies are universal, and likey 
art in its larger aspects must attempt 1 
surmount the petty boundaries of r; 
or nation and achieve universal stability 

To deny the extremes of symbolism ¢ 
art is not in the least to restrain i 
development. The Copernican the 
that the earth revolves about the s 
one of the most revolutionary and ep 
making theories in history, had its ine 
tion in the careful mathematical analysis 
of observed data. The symbolism 
volved prevented the immediate 
complete acceptance of such a theory 
the multitude, but in the universality 
such symbolism lay the strength of t) 
theory and the promise of its final : 
ceptance. On the other hand, little mor 
than a century ago, the great forwar 
movement of romanticism in painting 
was initiated by Gericault with his 
Raft of the Medusa, which broke away 
from impotent classicism and revealed 
life in its passion and_ suffering 
Direct and intimate contact with lik 
was reestablished by Gericault not by 
means of abstract symbols but over th 
suffering bodies of the survivors of t 
Medusa. 

More and more complicated types 0! 
mathematical symbolism are necessary t 
deal with the growing and universal 
complexities of the physical world, but 
art, on the other hand, has enjoyed n 
such sudden and tremendous logical ex- 

“pansion, nor will it ever. Progressiv 
in spirit as art must be, to retain 
vitality and its influence on life, never 
theless the parallel with science ceases 
there, because at the same time art 10 
retain its influence must retain its coD- 


its 
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tacts directly with life without the im- 
passable barrier of a complicated sym- 
b lism. The dominance of scientific 
method in life to-day need not permit it 
to overwhelm the realm of art. The un- 


learned person who says of an extremist 
creation, ‘‘I can make nothing out of 
it.’ is sometimes nearer right than the 


enthusiastic critic who is carried away 
by his own imagination and eestatically 
exclaims, ‘‘Isn’t it a glorious departure 
from tradition !’’ 

What is true and what is false in art 
and science are determined in different 
ways, and yet there is a fundamental 
underlying relation. At bottom the true 
test of anything is the acid test of time, 
ind that is nothing more than the prag- 
matic judgment of results. Science with 
ts mathematics may project itself far 
into the future and wait centuries per- 
haps for its final justification, but art is 
f necessity tied more closely to the 
present. 

Science in its development may so far 
utstretch the intellectual training of the 
multitude that only the few can follow it 
with all-seeing eyes and help push its 
boundaries forward. It is the province 
of the few, and only in its useful results 
ean such a position be justified ; but with 
rt it is different. The emotions are 
more elemental than the logical proc- 
The logical structure of intellect 
is built slowly step by step and theorem 
by theorem, but the emotions are trained 
inno such axiomatic manner. They are 
the sources of impulse and imaginative 
longing which it is the duty of the intel- 
leet to guide and temper. Art can never 
outstrip the emotional level of the race 
as science does the intellectual level be- 
cause it is not logical. It can blaze a 
trail, but it can not establish a petty 
kingdom of its own without defeating 
its own ends. = 

Passing over the arguments of the 
theorists as to wherein lies the beauty of 
4 work of art, Tolstoi was certainly 


esses. 
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fundamentally right in asserting that 
great art must be directly intelligible, 
in part at least, and Bendetto Croce was 
certainly fundamentally wrong in stat 
ing that art is ruled uniquely by the 
imagination. One might as well say that 
philosophy and_ religion 
uniquely by the imagination 
they attempt to transcend common facts 
and interpret them to us. Indeed, even 
physical science attempts to transcend 


are ruled 


because 


the common facts of experience to a cer- 
tain degree, but it is certainly not ruled 
The crea- 
tive imagination may be the handmaiden 
of the arts and philosophy more than of 
it by no rules the 
Man is primarily a reasoning 


uniquely by the imagination 


science, but means 
intellect. 
animal, and mental images untempered 
by intellect may have as little meaning 
as a cubist picture of snow in July 
Croce’s dictum must be interpreted to 
indicate a rational mental function and 
to exclude all such possible imaginative 
jumbles as that which has recently de- 
fined art as a color-form-time rhythm in 
three dimensions in which all natural 
representation is nugatory. 

It is true that the emotions themselves 
are non-rational, and therein lies the real 
conflict between art and science. Strug- 
gle as each may to absorb values from 
the other there is always a yawning gulf 
between. Science painstakingly analyzes 
and finds a common denominator, whil 
art painfully attempts to analyze and 
find a common denominator with lit- 
tle success. Emotion is a personal 
matter. It may have 
pects but it can not be written in a 
mathematical equation. Mr. Clive Bell 
would reduce art to ‘‘significant form,”’ 
Mr. Croce to intuition, but who is better 
able than before to judge the true and 
the false? Of course art must continu- 
ally attempt to rationalize itself, and in 
spite of the gulf between art and science, 
art must copy scientific method in the 
judgment of values as far as it possibly 


universal as- 
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ean; but there are limits to this process. 
The elements common to both science 
and art together with their limitations 
deserve to be better understood. 

The average artist would hear with 
surprise or perhaps alarm that he is 
being influenced particularly by that at 
once terrifying and intriguing branch of 
mathematics known as the four-dimen- 
sional geometry of Lobachevski and 
Riemann. Nevertheless, it is true, for 
this four-dimensional geometry of the 
mathematicians has broken down the last 
stronghold of the absolutists who con- 
ceived that the standards by which we 
judge the true and the false are absolute 
rather than relative. The relativists 
have won. True and false are relative 
terms, and the standards of judgment of 
art must be relative, flexible and pro- 
gressive; not absolute, rigid or static. 
Never again may art be ruled by an ab- 
solute dictum such as the classicism of 
the pre-revolutionary period in France. 

The emotional content of a picture is 
for the most part directly appreciated, 
but the fact content of a scientific law is 
appreciated only by a more or less in- 
volved reasoning process. At the risk of 
oversimplification of the age-long prob- 
lem of what constitutes a work of art it 
may be said that the answer lies in 
whether the emphasis be on one or the 
other of these two processes. But these 
processes are never wholly separate. 
The arts have their formulas, especially 
music, the most formal of them all, and 
the sciences have their share of the emo- 
tional content too often overlooked by 
the outsider who speaks of the ‘‘cold, 
hard, facts of science.’’ The emotional 
response of a Newton formulating a law 
of universal gravitation or of an Ein- 
stein illuminating the earlier views of 
Newton with his own searching revela- 
tions of the relativity of all things must 
not be minimized. At any rate, the re- 
sults of modern science affecting man in 
his every action can have no other inter- 


>i 


| 


pretation than in terms of warm. pu! 
ing human values. Wide as th 
may be between art and science. 
rows perceptibly when it is realiz 
inseparable thought and feeling are. 
that neither must be allowed 
amuck, without the tempering infly 
of the other. 

Science running wild may lead 
war beside which the horrors 
wars are insignificant. Already 
are rumors of secret poison gases 1 
times more poisonous than thos: 
recent past which may easily des 
whole cities, perhaps nations. It 
become a truism that the war ot! 
future will be between cities and 
tions, not armies, and that mor 
ever before it will be waged unt 
death of all even remotely concer 
On the other hand, it is not at all im; 
sible for peace-time science to run | 
and build up a staggering indust: 
mechanism that might crush its adher 
ents. The consequences of art rum 
astray which have been visible in son 
recent exhibits are more insidious but 
nevertheless real and indicative of 1 
decadence. 

Whether art be defined in terms 
beauty or pleasure or valuable ex; 
ence, in the last analysis the app 
tion of its values must depend up 
experience of the individual, and 
means that thought must accom; 
feeling. Perhaps in music of all th 
the thoughts are the most vague 
least expressible by words, and yet 
enjoyment of a symphony depends 
largely upon the listener’s previous ex- 
perience which determines the thoughts 
that accompany his emotional states. In 
other words, it is impossible to sit 
through a symphony with a pertect 
blank mind. 

A picture by Renoir may be interest 
ing for its colors, a work of Michel- 
angelo for the modeling it displays, am 
early Egyptian decoration for the story 
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tells, a Corot for the mood it exudes, 
extremist creation for the unre- 
strained movement of color—there are 
*orent values in different pictures— 
we beware of that modernist who tells 
: that his picture has nothing to do 
anything you are familiar with, 
has no connotative interest and 
it is to be enjoyed only as it affects 
motions. Somewhere in the picture 
‘t is sane there must be thought. If 
forms are not recognizable, the colors 
+ least must be. The artist overvalues 
is own response to the picture, but 
mehow or other there must be sufficient 
sufficient organization so that 
his response is transferred in part to his 
ntience, else there is no real art. 
Out of a group of mathematical equa- 
ns proposed by J. Clerk Maxwell in 
1885 and understood by only a very few 
that time came the discovery of 
tromagnetic waves and the invention 
the radio telephone. Thus did the 
spparently ‘‘eold’’ science of Maxwell 
| its ample justification in the every- 
y life of the common man. The radio, 
hich brings us human voices out of a 
vemingly empty space and has tied to- 
vther the men and minds of many 
lands, has endowed those seemingly dry 
and abstract equations of Maxwell with 
human values even now pulsating from 
tion to station around the world. 
The romance of science is no fiction; it is 
romance of to-day and to-morrow, 
nd where there is romance there must 
eemotion. Out of the Einstein theory 
ime the explanation of the discrepancy 
the ealeulation of the orbit of the 
planet Mereury, and again practical 
justification is achieved. It takes no 
wore abstruse mathematical training to 
preciate these results than it does to 
iypreciate the fact of a Moses by 
Michelangelo, but the appalling abstrac- 
tons back of the former are wont to mis- 
«i many a well-meaning enthusiast 
¥00 imagines that they represent pure 
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intellect without emotion, and that 


versely he may sail on the wings of emo- 


con- 


tion into the ethereal realm of art, lea 
Like leat 


realization that his 


ing intellect behind. us he falls 
to his death with the 
willing but the wax was 


wings were 


weak. Emotions can not fly high unless 

secured by tempering thoughts any more 

than intellect can ignore the emotions 
When science tries to record phen 

its imitative functi 


. ; 
length 


ena it exercises its 
a high degree. 

ard meter in Paris may 
to within at least 


The 


a few par 
lion. 
built up of rotating 
central nucleus like a tiny solar s) 
was an attempt at a very exact imitation 
of that reality which the scientist be- 


modern theory 


about 


? 
electrons 


lieved to exist. 
closely imitates the landscape which it 


Again, a photograph very 
copies. It does not become a work of art 
until certain definite values are brought 
into emphasis, and then blind imitation 
ceases. Ruskin in one of his moments of 
misapprehension decried the so-called 
**blurs’’ of The 

tracery of well-known 
agreed with his preconceived notion that 
art should consist of a more precise imi- 
tation of reality, but the judgment of the 
the 


Corot. evanescent 


+} ] 
Lites UISs- 


those 


years has vindicated Corot. It is 
business of the artist to create impres- 
sions, and it is the business of science to 
create reproductions. All art is impres- 
sionistic in this sense. 

On the other hand, as in the case of 
the famous ‘‘flying gallop,’’ 
cises a restraining function to prevent a 
too wide departure from truth. In 1880 
the camera was used to prove that no 
horse ever did or could assume such a 
position with legs extended and all four 
feet in air as was depicted in the flying 
gallop of Gericault and his followers 
Only since such impressionism was rec- 
ognized as inadequate has it come to be 
supplanted, not necessarily by any of 
the exact positions shown by the camera 


science exer- 
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itself, but by a higher and more truthful 
type of impressionism. 

And so it is that art and science though 
fundamentally antagonistic to each 
other yet have much in common and 
even in their antagonism serve to bal- 
ance and restrain one another. As great 
a romanticist as the late Arthur B. 
Davies considered that he owed much to 
his early engineering training. The 
conflict of science and art is real, but it 
is necessary, for when there is no con- 
flict there is no stimulus to achievement 
and there can be no progress. It has 
been so in the apparent conflict of 
science and religion in spite of the row- 
dyism aroused. At bottom the various 
activities of man support each other, and 
one of the most striking points in the 
general development of ideas in history 
has been the way in which similar motifs 
have appeared in parallel lines of 
thought and endeavor. Often it is diffi- 
cult or impossible to assign priority to 
any field and to tell from which the 
greatest influence has spread, and yet it 
may be stated in entire safety that the 
sweeping and fundamental character of 
the development of physical science has 
profoundly influenced every other realm 
of human activity. The back-to-nature 
movement of Copernicus, Galileo and 
Newton in which natural phenomena 
were taken at their face value by direct 
experiment was closely paralleled by the 
back-to-human-nature movement of 
Shakespeare and Michelangelo. It was 
the golden age of naturalism in art, let- 
ters and science whose perpetuating in- 
fluence is with us to-day, tempered only 
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by movements within movements w) 
have grown up since then. 

In the last century the positivism 
science which began to accept th 
that knowledge of the world we liv: 
limited to those messages brought 
brain through the gateways o! 
senses found its counterpart in ¢ 
pressionism of Manet and Monet and 
emphasis put on the value of light 
color. To the impressionist 
world is not directly known 
server but his impressions of 
brought to him through the sens 
sight by the penetrating movement 
light and color. / The attitude 
scientists had reappeared in t! 
of the impressionists and the em) 
on the new meaning of light and | 
came as the most important contribut 
of the nineteenth century to art. W 
the twentieth century may hold 
even be guessed. In the past 
the study of light has revealed 
about the nature of things to t 
tists than any other study. In 
similar emphasis has been put 
and color, and in forgetting about « 
imitations these impressionists 
luminists have often 
about the eternal significance of 
than any of their predecessors. T 
the theories of relativity and quanta 
profoundly influencing scientific 
philosophic thought, and we may 
dently expect art as the counterpart 
science to reflect the spirit of these mo' 
ments, but let us not expect art t 
swer in the same language and with ' 
same tongue, 
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philosopher, William James, called so surprised as Malt 


tough-minded, in contradistinetion to busied about trying 
tender-minded, the quality of being con- there really was Int 

vineed by words grammatically and rhe- ulation which he 

torically expressed re vardless ot import. nouneed To his astonishme! 
So he opposed vigorously the parental that much had been written 
view, impregnated with the lofty phi- subject Bashfully he insert 
losophy of Rousseau, Condoreet, Godwin — preface of the second edition 
and Company. of course to the first essa \ 


Being of a serious and economieal turn 
of mind, to see his carefully worked out 
and earnestly expressed ideas disappear 
into thin air was distasteful. so he wrote: 


wing Essay wes origin to ¢ or 


versation with a friend, on the subject of Mr. and Dr. Pri 


al 
Godwin’s Essay, on avarice and profusion, in 


Enquirer, he diseussion started th Then further o1 


general question of the future improvement of 


society; and the Author at first sat down with The more I 


an intention of merely stating his thoughts to point of view, the n 

his friend, upon paper, in a clearer manner nequire ; and this 
thought he could do, in conversation. degree of publick atte) 
some ideas excited, determined me to tu 


subject opened upor 
d, which he did not recollect to have met ing towards 
a 


al as he conceived, that every, effects of the prin 


rally interest 


received wit . lour, he deter 


mined his thoughts in a form for pub 


lication 
‘he full title of the thesis which followed 
was, ‘‘An Essay on the Principle of 
Population as it Affects the Future Im- re 
provement of Society, with Remarks on = .ome of t! 
the Speculation of Mr. Godwin, M. Con- Montesquieu, and, 
doreet and Other Writers. ’”’ Dr. Franklin, Sir 
The essay was published anonymously. 
It was instantly recognized as a signifi 
eant piece of writing.® Enemies at- 
tacked it only with their stoutest cudgels. But the Reverend Ma 
Friends found it quite capable of defend- backing water: he knew 
ing itself. William Pitt, the prime min- pot his but the Lord’s: 
ister, paid it the rarest if not the greatest ciple advanced is so ineont? 
compliment a piece of philosophy has that. if I had confined mysel 
ever received: he put its principle imme- general views, I could have 
diatels into political practice ; he my self in an impregnable 
dropped his bill to amend the Poor Law. the work in this form would 
At this notable reception no one was have had a much more maste! 
' 


5 Thid. aney, op. ctt., } 
Malthus, ‘‘ The P 


6 Quarterly Review, 17: 375, note, July, 1817. T. » 
L. H. Haney, $é History of Eeonomie Thought,’’ tion,’’ preface to second « 
np. 231. New York, 1924. ® Thid. 
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e said that recognition ot h \ nvent 


S mmediate > execration, abuse Malth is 


itation appeared quite as 
and they poured down 
nd his principle tor 
e discussion has never sim 
and there are present signs 
future conflict 
of the essay were pub 
iring Malthus’ lfetime 
first and second editions there 
than a score ol formal re plic s 
m appeared also in public jour 
n parliamentary debate, but 
many great and astonishing 
seemed that almost no one 
Even N. W. Senior, England's 
st distinguished economist of his day, 
fessed that he trusted more to his ears indersta 
his eves for a knowledge of the sition aeeee 
Islan principle, though he had self The 
a learned dissertation upon the 
ers and erities of Malthus The 
Review, or Critical Journal, ve lopments 
1810, August, 1810, says, 
excellent work of Mr. Malthus 


t has certains produced a great 


throug! 


? 


ences. is no 
theory 
| duced 
itary impression on the public wealt! 


Malthus 


more iM 


appears to us to have been much 
generally talked of than read, and 
generally read than understood. ’’ . : 
: : : thought 
every popular eonflict, however : 
. > . oT pove rt \ 
lamental or simple, the Malthusian 
rove rs\ has bes n hopelessly muddled 
e very beginning. Early erities 
pponents of Malthus, after the 
er of popular erities, attacked not 
n proposition but some ol the 
ences which they saw flowing 


Some were led even so tar away 
serious discussion and sound sei accept 
Ss to put into practice the imm« mons 5 
first axiom of jury lawyers: theory, ol Diol0g - 
ou have no ease, abuse the plain creasing number 
ttorney—and in this ease Malthus 
s own attorney Cobbett made 


prominent among early critics 


reject 
t} e oT 
M 


manner ot 


althus « 


ir, ‘*Malthus and His Work,’’ New 
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cline. By his central proposition, over 


tion, he brought to light, how 


propava 


; 


ever, the unmistakable, the sovereign ex 


planation of why exists and a 


pove ty 
\ has existed 
No Sup rfiela 


Wavs 


reading or hearsay ev] 


dence of the thoughts ol! Malthus reveals 
is central proposition—as is clearly 
shown even In recent eriticism, tor the 
overwhelming majority of anti-Mal 
thusians attack his statement that popu 
lation increases in geometric ratio while 


the supply of human atiment increases 1n 
rithmetic ratio. Malthus said just that, 
six editions, 


(dj he stuek to it throug 
but is far from being the central mean 
Ing of his great essay No one who has 
read m through the six editions, pub 
lished during his lifetime, or even 


through the pivotal first, second and sixth 
could mistake the 
and 
Life 


tends To exceed the 


editions, possibly 


essent tral surviving meaning of his 


and 
warrant for 1t Wal 


work everywhere always 


not mistake this matter, nor did 
| bad that 


+ 


and it is rather too 
the perspicacity of recent students has 
not been capable of penetrating this ex 
tremely perspieuous book 

Speaking of **The Principle of Popu 
lation,’*” Wallace 


sa VS, 


It was t first work I had vet read treat 


inv of the problems of phil 


ts main principles remained with me as a 
permanent possession, and twenty vears ite 
uN et sought to the effective 
o t n the eve it10 I go s eles 
Darwin writes, 
I Octoln IS38, that is ftey the ¢ 
I had begun my systematic enquiry, I hap; 
t | for amusement Malthus on population, 
eing well prepared to appreciate thi 
struggle for existence w everywhere goes 
or . . it at onee struck me that under thes 
circumstances favorable variations would tend 


} 


to be preserved and unfavorable ones to be de 


stroyed. The would be the fo 


result of this 


Russell 


Alfred 


I 7 99%°o 
» pe meta. 
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Both Wallace ai 
thre tramewor! 0 


theory ol biologic roe 


} 


eredalty nd variat 

bas the dvenmi 

T10 withou \ ( 

ert and meaningless 

testify. was cabhage. 
In thre elohteent ‘ 

liminary bowing 

essal hy ore ) 

to treason could , 


torical reaches of 

eritical will admit as 
not, however, necess 
proposition which M 
ward as his second s 


saw thet 4 
Then comes the jo. 
tious erities, the str: 


url to the flames, 


Malthus: 


tion’’ (parallel chapters 
editions, } 6. the 


York, 192 


ond 
New 








MALTHUS, A 


at an\ 

paper and print 
a great deal more, 
without substance 
soundest mind that 


with life’s riddles were in 
the most facile wordsmith who 
ed a pen, this ideal writer 


son aside, 


roduee much that the feeblest 
ld quote 


bers bevond 
against him six gen and his numl 


those limits 
Malthus’ reasoning Through 
clear logic If kee ps tot 
every where and always tends 


win and 


~ 
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self completely in his work and, like the 
good actor, lets the characters speak 


through his lips, or whether he himself 


feels the problem ot population to be 


cl lefly a moral issue, it is not easy to 
sav. However that may be, he spends a 
great many words and apparently much 
effort to show that Malthus did not hold 
ideas *‘eontrary to the notion of a benev- 
olent providence.”’ It is not difficult, 
however, to boil off the fine ether of 
moralizing and to retain simply the 
palpable, ponderable portions of Bonar’s 
accurate, well-joined summary of the 
Malthus thesis. 
An interesting explanation of the 
Malthus then goes on ti 
expressed his principal thesis is offered the MacVey Napier Supp 
by Bonar: Malthus maintains that !uman population could 
population increases by itself, but food every twenty five years, but 
is inereased by an agency external to it, that improvements and ext 


| | } 


the human beings that want it. More agriculture would add larg 
over, eating is instinctive, but not the ply ot food—admitting ev. 
vetting of the food. We have. therefore, Win’s communism might imp 
to compare an increase due to an instine- these additions to th 
tive desire with an increase due to labor, would be gained at a const: 


and a ‘‘slight comparison will show the ing expenditure of humai 


mathematical language in whieh Malthus 


immensity of the first power over the see- equalities in the distribut 


‘* 4 


ond Malthus then admits the dif- furthermore, can cheek the 
ficulty of determining the relationship increasing food supply quit 
with exactness; but, ‘‘with the natural as though that increase w 
liking of a Cambridge man for a mathe- The main point, however, is t 
matical simile,’’ he says that the one isto ing productiveness of effort 
the other as an arithmetieal is to the production of food Su 
geometrical ratio, that is to say, over any he says, ‘‘It follows necessa 
given period of time, population in- average rate of the actua 
creases by multiplication, food only by population over the greatest 
addition. globe, obeying the same 

Bonar then goes on to show how Mal- erease of food, must be tota 
thus finally leaned away fromthe mathe- ferent character from the r 
matical statement of his principal thesis, it would increase if uncheck 
asserting in the end that all forms of According. then. to his 
life tend to increase in geometrical ratio terpreter, James Bona 

in the MaeVey Napier Supplement to to all his discerning discip! 
the Eneyelopaedia Britannica (1824). makes the actual increase 
In that publication, Malthus left his depend upon the difficulty 
mature statement of cardinal principles: getting food. 

19 Here Bonar is quoting Malthus, ‘‘ The To sum up, there were sb 
Principle of Population’’ (second edition), p. 
5, London, 1803. 20 Ibid, 





MALTHUS, A REVALUATION 


Is16; 


was publis} ea posthumously 


nportant IS The 
Napier Supplement 1 IS24 Ey 
edia Britannica. It isanauthor 
epitome of the author’s doctrines 
r fina torm The “Summary 
the Principle of Population 
was merely an abridgment of thi 
opedia artiel 
uantitative analysis of the sixt 
brings out a curious turn of mind 
part of Malthus. Two hundred 


ftv-three pages are devoted to the 


eKS TO populatio “hades whiel seemed 
rall Malthus 


seven pages 


requ res 
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IN HONOR OF DR. WELCH 


tT! 
privilege 
to him by his friends 
scientific societies of our « 
e whole world. Dr. Welch h:; 
is elghtieth year and a 
ns In good wishes t 
ch is our greatest 
ld of publie healt! 
service to the nation we 
ir appreciation of him 
knowledge, wide experienc 


in dealine with men. sound 


and a vision of the ruture, he 


; 
" 


a vreat asset to the nation. and 
fortunately hope that he will 
for many years more to bless 
nd with his invaluable leaders| It) 
is marked by two tendencies 
‘atic and the scientific In 
and his work we find an 
the best in both tendenei 
represents the 
eonstant 
ies to direct 
humankind 
eine until modern times 


fu 


dramatic play upon emotions not 
than a seience made useful emotions, 
technology [It combined cen- is rather 
experience in trial and error in 
ms Trom many drugs, with a maxi 
f skill on the part of the practi 
a kindly art of making the 
feel as hopeful and comfortable = truth and the 


scl 


ble while he was dying of the dis of the pure 


origin and treatment of whicl of the inventor ; 


Ss vet undiscovered Providence and energy o 
de responsible for his fate rather enterprise 
e bacillus which should never things wit! 
n allowed to infeet him cious charn 
medical practice, however, is among men 
a vast background of scien I know that I « xpre 


our countrymen and 

by President Hoover g i Me 

nenta Hall, W asl ngton, o Apr 
| io to } a ' ves TO him their 


profession in every 


f continued hi; 
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STEPHEN ALFRED FORBES 


THE DISTINGUISHED NATURALIST WHO DIED ON MARCH 13 At 
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STEPHEN ALFRED FORBES 
rmy service, concerning whic pioneer far 
sk particulars, was begun by my 
ent as a private in Company Bb 
nois Cavalry, in September, 1561 
| was seventeen vears old At 
| was made orderly s 
teen, second lieutenant 
captain of my company 
v eighteenth birthday, when sent 
rv an important dispatch to a dis 
itpost near Corinth, Mississippi, | 
ut upon the wrong road and pres 


; 


found mvsell mmsicde | rebel nes 


prisoner of 


pportunity to 
the frag 
was threatened 
hanging if ot produce my 
spatech and was thoroughly searched 
t, as was also my saddle, but nothing 
s found. Later in the day I had a 
interview with General Beaur 
in command of the rebel army 


er the battle of Shiloh. and a muel 


ger one with a major of his staff, who 


ed by wishing me good luck, and tell- — priation 
ie to appeal to him if I got into ary), t 
ible. I was in prison four months, merging 
Mobile, Alabama, Macon, Georgia, Natural 
Riehmond, Virginia Utilized my ferred by 
bundant leisure by studying Greek to the I 
m books which I managed to buy at faculty I he been appoint: 


bile When paroled and released, I sor of zoology, in Mare! 


is sent to a hospital for three months It was also in 1884 that Ind 


recover from scurvy and malaria, sity gave me the degree 
quired in prison. Rejoined my regi- philosophy ‘‘on examinati: 
reenlisted for the war, and was Ssis,’’ entirely the produet 
ered out in November. 1865 study, as | had taken no ac 
formal edueation, concerning lege course and had no bach: 
also you ask, was incomplete and gree. In 1905, when I resign 
entary, partly because of the f the College of Science 
ty of my family, my father, a of Illinois conferred 
an unpublished autobiographical nition of my sixteen 
a letter written by Professor Forbes that capacity, the 


doctor ot laws In 
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ship was changed from Zoology to ento ciety, the Entomological] 
mology, and in 1921 1 retired from the America, the American Societ 
university service in order to give my nomic Entomologists and 
undivided attention to the State Natural Entomologique de Frane 
History Survey, of which | was ap- ! am aware that this bar 
pointed chief on its organization in 1917, a scientific and educational car 
under the Civil Administrative Code. I about as good reading as a 

am, of course, a member of several a table of statistics, but 
learned societies, the most Important of ever want meat for its ary 
which are the National Academy of Sci- pose that vou will hav 


ences, the American Philosophical So friends and colleagues for 


TWO-WAY TELEVISION 
THe work of Dr. Herbert E. Ives and the development of « 
his associates in the Bell Telephone cation 
Laboratories during the past three years To carry on a 


has culminated in a two-way television person at a distance 


apparatus The system which was self in a “‘television 


demonstrated at their institution in before a frame in whicl 
April marks another important step in face of the person wit! 








WALTER S. GIFFORD, PRESIDENT OF THE AMERICAN TELEPHONE AN 
GRAPH COMPANY (SEATED), AND DR. H. E. IVES, OF THE BELL TEI 
LABORATORIES, IN THE TELEVISION BOOTH 
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WITH DR 
IN THE I 


His own fae 
ld beam Ol 


ted from his face he photoelee 


Ss and gives ri e current 
transmits his image to the distant 
T is no fierce glare to the 
beam, and one is not annoyed 
ts presence and may even gaze cli 
at it without inconvenience The 
thing the observer notices when he 
ps into the booth. which Is hehted 
a dim orange light to which the 
lectric cells are insensitive, is the 

of the usual telephone. Special 


phone transmitters and receivers ar 


ed in the booths ne talks face 

to the distant person, and a 
receiver speaks the words which 
issue from his mouth An ordi i] 


ephone iS not used because iT 


sf eond 
picking 


transmitted 





THE SCIENTIFIC: MONTHLY 

















H. M. STOLLER, OF THE BELL TELEPHONE LABORATORIES, WHO IS 
SIBLE TO A LARGE EXTENT FOR THE DEVELOPMENT OF THE SPECIAL M 
USED TO DRIVE THE SCANNING DISKS IN SYNCHRONISM 


in sensitiveness and give rise to about been adapted to the transmiss 
ten times the current for the same _ frequency band of forty kiloey 
amount of light as did those developed According to a statement pl 
for the earlier demonstration. That in- Dr. Jewett, the equipment 1 
creased sensitivity and the use of the able for television is simpler 
blue scanning beam have made possible — efficient than that employed in 
the reduction of the dazzle and glare demonstrations and the results 
which occurred to a certain extent in greatly improved, but the ter 
the earlier forms of apparatus. The  paratus is still inherently co 
person whose image is being transmitted and expensive. This complicat 
is, therefore, practically unconscious of out of the necessity for produce 
the fact that his face is being swept mitting and reproducing a larg 
eighteen times a second by a seanning of distinet images each secon 
beam of light, and the beam is not bright results are to be obtained.  N¢ 
enough to interfere with his seeing the suggestions for eliminating t! 
image of the person to whom he is talk- mental requirement have as 
ing. The inereased area and detail of made, and there appears to b 
the image necessitate the use of a wide promising in our present kn 
band of frequencies, and the circuits be- physical science. Correspondi 


tween the two laboratory buildings have requirement that what is in « 
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HREE MAJOR CABINETS OF THE TELEVISION-TELEPHONE 


INALS OF lik | OTO! ( tic ¢ I ; oO 


dof frequencies be transmitted — electrical stability and freedom | 
transmission channel problem — traneous interference make thi 
lv unaltered. The requirement problem both difficult and expens 
extremely wide transmission band Unlike telegraph or telephone trans) 
further requirement that during = sion, where a limited amount of cl 
period of transmission the channel instability or a moderate amount of 


} 


nels must have a high degree ot trical interference can be press 


nit 


TRANSMITTING MICROPHONE 
DISK ‘~*~ 
: ~ PHOTO 
“*~} ELECTRIC 


ARC LIGHT CELLS 





| ° 


RECEIVING 
DISK 





DIAGRAM OF THE APPARATI 
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out serious impairment of service, tele- to the well-known vicissit 
photography and particularly television static and interference 
require practically pertect interference sult na degraded recelve 


free channels kor these services any Although on account 


marked instability in the channels or  ¢omplexity and high cost 


any substantial electrical interference = ¢ogmmerecial field is vet in s 


registers at once as a serious defect In yjgjon requiring good im: 
the received image It is for this rea still a laree amount of 
son that while radio channels, if other-  \pjeh eives promise of des 
wise available, can be used for the trans- ments over the means and 
MIsston of television, they are not in the available Both becaust 
present state of the art as suitable as ce A Oe wee 
wire ¢ hanne ls. | w ire telephe . circuits, J csarch and diedlenment 
ar ” ariyv *% a *% re ain “os > 
particularly if a ( on ean be mal ae iia Bits ate 
ained at ¢ r ree of constant ' ; Pes 
tained ; it i hig 1 eer’ ‘ ce S eation problems, Bell T 
transmission efficiency and freedom ? “) or 
‘ . i aed tories will continue to 
from extraneous interference. Radio ig 
; of television 
channels, on the other hand, are subject 








